
oooo^ 


Tech’s 

Smartest 

Companies 


Techn logy l 
Review^^S 


VOL. 120 NO. 4 JULY/AUGUST 2017 US $6.99/CAN $7.99 

































r 




Build more than a network. 

Build an earth-shattering, 
gravity-defying path to the future. 


We believe in more than routers and switches. We believe in 
igniting possibility and challenging convention. 


See how we can help tell your story at Juniper.net/BuildMore 

y, , - - r « 




. , 

Jr'* fft- 

r i 5 






juniper 


NETWORKS 


MIT TECHNOLOGY REVIEW 

VOL 120 | NO. 4 


TECHNOLOGYREVIEW.COM 


What does it mean to be on our list of the 50 

Smartest Companies? 

It does not necessarily mean that you 
are the biggest in your industry—though 
we have some of those—or even the most 
profitable. We don’t depend on a tally of 
patents granted. Nor do we care where a 
company operates or how large its market 
capitalization is. 

Instead, the list that you will find on 
pages 56 and 57 is our take on two fac¬ 
tors: technological leadership and business 
acumen. These 50 companies combine a 
high level of technology innovation with a 
business model that will help them make 
the most of it. Public and private, large 
and small, based in countries around the 
globe, this group of companies is creat¬ 
ing new opportunities and pouncing on 
them. These are the ones that competitors 
must follow. 

Artificial intelligence, a technology that 
we believe will drive much of the economic 
growth over the next few years, is sprinkled 
throughout the list. The company at the 
top, Nvidia, has gained expertise in AI and 
used it to transform itself. Once known as 
a maker of chips for gaming, it is now a 
leading player in deep learning and auton¬ 
omous vehicles. Amazon, No. 3, is on the 
list again for its ambitions to build an AI- 
powered store and place the technology at 
the heart of the home of the future. 

Companies focused on DNA analysis 
and developing gene therapies are a dom¬ 
inant group on the list—23andMe (No. 
4), Spark Therapeutics (No. 10), Illumina 
(No. 22), and Oxford Nanopore (No. 32) 
among them. 

Since 2010, SpaceX has been high¬ 
lighted six times. It’s on again in 2017 (at 
No. 2) on the strength of its ability to stick 
rocket landings and then recycle its crafts 
for another go-round, potentially chang¬ 
ing the economics of space travel. IBM has 
made the list every one of the past seven 
years; this year it’s at No. 39 for its work 
with blockchain, cloud AI, and quantum 
computing. 


The 

Business 

Issue 


Many companies are here for the first 
time. Among them are companies like Chi¬ 
na’s iFlytek, debuting at No. 6, which has 
created voice-assistant software that can 
accurately translate between Chinese and 
a number of other languages (including 
English, German, and Uighur), overcom¬ 
ing challenges such as dialect, slang, and 
background noise. Another new name is 
Face ++, No. 11, a Chinese startup. Face ++ 
is using its novel face-recognition technol¬ 
ogy to help detect fraud and make pay¬ 
ments more convenient. 

It’s been a tough year even for some of 
our smartest companies. Tesla, No. 4 last 
year, fell to 31 this year, hurt by mainte¬ 
nance problems, issues with its Autopilot 
feature, and the challenges of absorbing 
the nation’s largest installer of solar panels 
into its business following its $2.6 billion 
purchase of SolarCity. 



Nanette Byrnes is MIT 
Technology Review’s senior 
editor for business. 


We also decided that some well-known 
firms just aren’t smart enough these days. 
Neither Uber nor Airbnb made the list. 
In the case of Uber, a cascade of bad news 
about its business practices, management 
style, and claimed technology theft com¬ 
bined to keep it off. For Airbnb, it wasn’t a 
matter of bad news but, rather, a lack of big 
technology news that cost it a slot among 
our top 50. 

Seen all together, as our editor David 
Rotman argues in his essay introducing 
the list (“It Pays to Be Smart,” page 54), 
this is our best guess as to the firms that 
will be the dominant companies of the 
future. These are the companies with the 
inside track on the technologies, such 
as artificial intelligence, that will define 
the economy in the coming years—and 
have the best shot at building great busi¬ 
nesses around them. 
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For more than a century, Merck has been 
inventing medicines and vaccines for many 
of the world’s mosfcifhallenging diseases. 
Today, we’re inventing new ways to treat 
cancer, with more than 450 clinical studies 
underway. All in an effort to help keep people 
healthy, hopeful, and allow their relationships 
to endure for years to come. 

Learn more at Merck.com/lnventingForLife 
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Mysterious Machines 

A 



Arlificutf rrtelt9«nc« « a 

black bo* that thinks in ways 
we don t understand That's 
thnftng and scary, p. 54 



Of Course Complexity Is Baffling 

In “The Dark Secret at the Heart of AI” 
(May/June 2017), Will Knight writes: 
“The workings of any machine-learning 
technology are inherently more opaque, 
even to computer scientists, than a hand- 
coded system.” While it’s partly true that 
hand-coded systems can be easier to 
understand than data-trained models, the 
issue isn’t really that particular models 
are hard but rather that complex domains 
in general are hard to understand. 

For example, do we understand why 
a certain stock goes up or down on any 
given day? Mostly no: a human analyst 
will have an explanation, but if the stock 
had gone in the other direction, the ana¬ 
lyst would have given a different reason. 
Which means these post-hoc “explana¬ 
tions” are no more valuable than a com¬ 
plex machine-learned model saying, “I 
predict it will go up because this non¬ 


linear function falls on the right side of 
the decision boundary.” 

Also, if we really understood hand- 
coded systems, like operating systems, 
then they would have no bugs. But they 
do have bugs, which suggests that we 
don’t fully understand these hand-coded 
systems—and the main reason we don’t 
understand is that the domain is com¬ 
plicated and we can’t envision all the 
interactions. 


Peter Norvig is director of research at Google. 

More Spending Won’t Solve Anything 

Jason Pontin’s op-ed calling for more 
government R&D (“Make America Great 
Again,” May/June 2017) piqued a nerve. 
I was at a conference at MIT last month 
in a room full of scientists calling for the 
same thing, and I had to tell them it’s not 
that easy. I’m a fan of science. I have seven 


degrees from Stanford and MIT, mostly 
in STEM, but I’m also a fan of evidence. 
It’s not clear the evidence supports more 
R&D spending. 

As lead energy economist for the 
White House Council of Economic Advis¬ 
ers in 2006,1 was given carte blanche to 
design a new U.S. energy policy. I was 
encouraged to spend billions. However, 
after consulting with the top experts 
around the world, I realized that there 
were better ways to spend government 
money. 


Numbers can be bloodless. Eric 
Schmidt once said at a talk at Stanford 
that the hardest thing for a CEO is layoffs, 
because he knew that for every thousand 
people he laid off, a certain number would 
commit suicide. So you’d better be sure 
that those layoffs were worth it. Every gov¬ 
ernment economist holds a similar num¬ 
ber in the back of his mind—$8 million. 
This is the current statistical value of a life 
used by the federal government. 

You are calling for government R&D 
spending to increase to its peak levels. 
That’s an additional $200 billion, or 
27,000 lives per year. We’d better be sure 
that spending is worth it. 

Yes, government R&D as a percentage 
of GDP has fallen, but it is still more than 
it was in the past. Adjusting for inflation 
and using your numbers, we spend $126 
billion today compared with $76 billion 
in the ’60s. People regularly call for an 


“Apollo mission” for climate change, but 
we already spend more on renewable- 
energy research than we ever did for the 
Apollo mission. 

The trouble with pointing to the high 
returns for existing R&D is that it elides 
a problem economists spend a lot of time 
talking about in our intro classes. There 
is a difference between average returns 
and marginal returns. When advocates 
cite studies on the high average returns to 
government R&D funding, they miss out 
on this important distinction. 


People regularly call for an “Apollo mission” for climate change, 
but we already spend more on renewable-energy research than 
we ever did for the Apollo mission. 
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Back when I was an MIT tour guide, 
the annual research budget for MIT was 
around $1 billion. Therefore, to spend 
an extra $200 billion would mean build¬ 
ing an extra 200 MITs. That would be 
amazing, but how would you staff them? 
The best people in the world are already 
at MIT. You could start by hiring all the 
scientists at second-tier schools to fill in 
your new MITs. Pretty soon those schools 
would be emptied out and they would 
start pulling in people from third-tier 
schools. At the end of the day, all you’ve 
done is move people around. 

This is one example of the law of 
diminishing returns. We spend so much 
on R&D today that spending more is 
unlikely to do much good. 

This is the problem we faced at the 
White House back in 2006. The most 
promising areas of research were already 
well funded. The areas that remained 
were lackluster. The problem wasn’t so 
much in producing research but in getting 
those ideas to market. 

So the policy process led us to new 
regulations that would help solve market 
failures: new regulations for fuel-efficient 
cars, new regulations for biofuels, loan 
guarantees for renewable-energy ven¬ 
tures, and yes, some funding for research, 
which resulted in ARPA-E. Yes, more 
research funding can be worthwhile, but 
primarily at the margins, not as the cen¬ 
terpiece of new legislation. 

Altogether, these policies became the 
Energy Security and Independence Act 
of2007, which formed the cornerstone of 
Obama’s lauded climate policy. 

I do think R&D is worthwhile. I just 
don’t believe in blind faith. We should 


keep seeking new opportunities to do 
more, but we shouldn’t assume money 
will solve all our problems. 


Ben Ho is an associate professor of economics 
at Vassar College and Columbia University. 

Companies Can’t Do It All 

In “Make America Great Again,” Jason 
Pontin is right to decry the Heritage Foun¬ 
dation’s position that government funding 
for research is pointless and that private 
companies should fund such research 
instead. The idea that private companies 
can fill the role of creating innovation— 
whether in their own labs or by funding 
university research—isn’t supported by 
the facts. 

Strategy& (a PriceWaterhouseCoo- 
pers unit) studied the 1,000 most inno¬ 
vative companies for more than a decade 
and found no relationship between 
financial performance and R&D spend¬ 
ing. The problem is that any company 
large enough to fund research is instead 
pressured to drastically cut spending and 
show a return on investment. 


Christopher Voigt is the chief technologist 
at Unisys. 

The Evolution of Commenting 

Ten years ago, websites had a responsi¬ 
bility to allow people to share their opin¬ 
ions freely in their comments sections. But 
technology has moved on. Social media is 
now dominant, and publications no longer 
need to offer a free and open space for com¬ 
mentary (as Jason Pontin described in “Me 
and My Troll,” May/June 2017). Instead, 
publishers need to be more strategic about 


how to utilize community conversation and 
engagement as a vital part of their journal¬ 
ism. It’s a chance to reset who is interacting 
with them and how. To do this, publish¬ 
ers need to define what success looks like, 
and engage staff and resources toward that 
goal. They need to experiment. 

Our research at the Coral Project has 
shown that when a site engages with its 
audience in the right way, it improves 
the journalism, creates new community 
connections, and generates new revenue 
streams. 


Andrew Losowsky is the project lead at the 
Coral Project at Mozilla. 


# Twitter Votes 

Does Facebook wield too much power in 
our lives? 

46% Yes, it’s too powerful 
36% I’m not on Facebook 
18% No, nothing wrong with it 


Would you trust data from a smartphone 
app to help predict and prevent addiction? 

46% Yes, phones are powerful 

28% No, it’s just an app 

26% Only in mild cases 


As climate dangers grow, is it time to 
move ahead with geoengineering field 
experiments? 

48% Yes, we’re out of options 
37% Only if it’s small-scale 
15% No, it’s too risky 
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CONNECTIVITY 

Virtual Trolls 

Social VR has incredible potential. Anonymity 
has a chance to get in the way of that. 

One powerful thing about virtual reality is 

the way it lets you stand “face to face” with 
other people—sometimes people from the 
other side of the world who you’d never 
otherwise meet. People in social VR set¬ 
tings really tend to connect. I’ve seen peo¬ 
ple meet and become friends in VR and 
then continue the friendship in real life. 
I’ve seen people meet their significant oth¬ 
ers in virtual reality. 

But this only works when people 
appear as their real selves. And one huge 
problem with social interactions in virtual 
reality is the degree of anonymity we’re 
finding there. It can alienate people who 
would otherwise be interested in giving 
social VR a try. 

People using anonymity or main¬ 
taining a little more privacy isn’t always 
bad—a shy person might feel able to shake 
off awkwardness and adopt a more easy¬ 
going personality, for example. But what 
we see too often among the anonymous is 
bad behavior. With no real name or face it 
becomes easy to treat people in a critical 
or abusive way. 

We are in the early stages of VR, much 
like the Internet in the 1990s. There are 
no rules and no law of the land. We are 
all learning what is okay and what isn’t. 
And as in those early Internet days, we’re 
learning that anonymity causes a degree 
of chaos and undesirable behaviors. It 
removes accountability. Anonymity lets 
people bully others without repercussions. 

There’s no simple solution to the prob¬ 
lem. Improvements in the areas of friend 
connections, avatars, and interaction 
design have helped, but haven’t solved it. 
App creators can help by creating clear 
standards, including repercussions for bad 


behavior. Benefits such as customized ava¬ 
tars, extra capabilities, and new features 
might help coax people to come out of the 
shadows and engage more authentically. 

Whatever we try, it will be worth the 
effort. Social VR lets people connect and 
communicate in a way that’s much more 
natural, more effective, and richer in con¬ 
text than current methods of communi¬ 
cating over a long distance. I’d like people 
to think about VR as a place you can go 
to express yourself authentically and con¬ 
nect with others. Within that space there’s 
fantastic potential for education, busi¬ 
ness, science, art, and entertainment. 
Anonymity kills that potential. 


Mary Mossey is a product manager at 
AltspaceVR, which uses virtual reality to 
create a new communications platform. 


The world’s most potent technologists are 
stranded in today’s innovation ecosystem. 

An innovator I know—let’s call him Tom—had 

trained for a decade at the world’s top 
research institution to become an expert in 
materials science and engineering. He’d 
developed a new manufacturing technique 
for semiconductors with the potential to 
enable next-generation power conversion 
devices for lighting, EVs, renewable power, 
and defense applications. After demon¬ 
strating promising results and gathering 
enthusiastic feedback from industry 
experts, he was ready to take his technol¬ 
ogy to market. But how? 

I met Tom a year and a half ago, when 
he applied to an entrepreneurial research 
program I run called Cyclotron Road. Each 
year, we receive over 100 applications from z 
the U.S. and beyond for our program, | 
which supports scientists as they work to £ 

o 

develop a product based on research in < 
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The Innovator Gap 
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fields like materials science, chemistry, and 
physics—what we call “hard technology.” 

Tom’s story is typical. He’d decided 
to pursue a startup to develop his idea 
but quickly discovered that the technol¬ 
ogy was too speculative for private invest¬ 
ment. If Tom were a software innovator, 
he could build a prototype and validate his 
product in months with little more than 
a laptop. But to innovate in semiconduc¬ 
tor technology, he would need the tools of 
cutting-edge research—fume hoods, spec¬ 
trometers, electron microscopes. He would 
also need time. Turning a semiconductor 
breakthrough into a market-ready product 
can take years. Unfortunately, demand by 
qualified applicants exceeded our capacity, 
and we had to turn him away. 

In February, he sent me an e-mail. After 
dipping into his personal bank account to 
get his effort off the ground, he was shift¬ 
ing gears. He’d decided to enter the world 
of finance and asked if I could introduce 
him to one of my contacts at a hedge fund. 
I was saddened, but not surprised. 

Today’s research ecosystem isn’t built 
to support innovators like Tom. Their 
projects are too applied for academic labs, 
which focus narrowly on new scientific dis¬ 
coveries. Meanwhile, private industry can’t 
justify investment in expensive research 
that doesn’t yet have clear commercial 
potential. Faced with this chasm, even the 
best innovators struggle. Many are bound 
to say “why bother?” Can we blame them? 

So how do we keep the Toms of this 
world in the game? For starters, we need 
to do a better job catalyzing the creation 
of science-based startups and supporting 
cutting-edge research within them. Free 
from the institutional pressures of aca¬ 
demic publication or corporate quarterly 
earnings, startups can serve as powerful 
vehicles to bring hard technologies to mar¬ 
ket. Such firms often spend years perform¬ 
ing research to develop a first product. Yet 
despite driving some of the biggest tech¬ 
nology disruptions in recent history, small 


businesses receive only a small percentage 
of all government research funding. 

Society will face enormous challenges 
in the coming century in areas such as 
energy, water, food, and health. We need 
to find a better way to support our best 
scientists and engineers in their research 
to turn new discoveries into commercially 
viable products. Solving these big chal¬ 
lenges will depend on it. 


Ilan Gur is the founding director of 
Cyclotron Road. 


ROBOTICS 

Drones to the Rescue 

It’s expensive to use drones to deliver meds. 
Not using them exacts a heavier cost. 

If we could send fleets of drones flying 

medical supplies to people in some of the 
poorest and most remote parts of the 
world, would it be worth it? Who’s going 
to pay for the drones, or the equipment 
needed to house and recharge them? 
Who’ll pay for the personnel to operate 
them, and the training required? 

Last year I was part of a team that 
tested product-delivering drones in 
Mozambique with the help of a computa¬ 
tional model of the country’s vaccine sup¬ 
ply chain. The supply chain is the series of 
refrigerators, freezers, vehicles, and per¬ 
sonnel involved in getting vaccines from 
their origin to the people who need them. 
The Republic of Mozambique, in southeast 
Africa, has over 24 million people and a 
GDP of around $35.3 billion—which turns 
out to be $419 per capita. Mozambique’s 
801,537 square kilometers include rug¬ 
ged highlands and mountainous regions, 
long stretches of plateaus, large rivers, and 
woodlands filled with wild animals. Heavy 
rainfalls and cyclones can pummel parts of 
Mozambique. These conditions can make 
it dangerous to get vaccines to people. 


The “last mile” of the vaccine supply 
chain—from the district storage facility to 
the clinics, schools, and homes where vac¬ 
cines are given—can be tough. Often peo¬ 
ple on motorbikes, rafts, bicycles, animals, 
or foot carry vaccines to their final destina¬ 
tion. Vaccines are precious because they 
cost money to develop, can be fragile (heat 
exposure can make them go bad), and save 
lives. Sometimes a person has to risk life 
and limb to carry just a few vaccines to 
people living far away from any town. 

Enter drones. They aren’t just for mili¬ 
tary operations or taking pictures. Working 
with global health organizations, compa¬ 
nies such as Zipline and Matternet are 
exploring the use of drones to deliver meds. 

Our team at the Johns Hopkins 
Bloomberg School of Public Health and 
the Pittsburgh Supercomputing Center 
at Carnegie Mellon University employed 
software called HERMES that was spe¬ 
cially designed to analyze supply chains. 
Using it, we developed and ran a series of 
scenarios, including different challenges a 
drone might face—inclement weather, wild 
animals, and even people shooting them 
down out of fear that they were part of a 
military operation. 

The results? Under a wide range of 
conditions, drones can provide between 
20 and 50 percent cost savings over tra¬ 
ditional land-based transport. Of course, 
the savings depend on the size of the 
population served, the road conditions, 
the speed of the land-based transport, 
the reliability of the drones, and the will¬ 
ingness of people to accept them. But it 
shows that new technology doesn’t have 
to be expensive. By improving service and 
freeing up valuable resources (like the 
time of workers who’d normally be carry¬ 
ing vaccines long distances), drones can 
save both money and lives. 


Bruce Y. Lee is an associate professor of 
international health at the Johns Hopkins 
Bloomberg School of Public Health. 
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Reinventing Rice for a 
World Transformed by 
Climate Change 


Pamela Ronald stands in front of two rows 

of rice plants, sprouting from black plas¬ 
tic pots, in a stifling greenhouse on the 
edge of the University of California, Davis, 
campus. Researchers in Ronald’s plant 
genetics lab starved the plants of water 
for more than a week. The ones on the 
right, the control in the ongoing experi¬ 
ment, are yellowing and collapsing. The 


UC Davis plant geneticist Pamela Ronald wants to create rice 
varieties that can survive in harsher conditions, including more 
frequent droughts. 
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adjacent plants, equipped with an added 
gene, are thick, tall, and green. 

The hope is that these or similar 
genetic alterations could help rice and 
other crops survive devastating droughts, 
preventing food shortages in some of the 
poorest parts of the world. Ronald, a trim 
scientist with short brown hair, smiles as 
she looks down at the early results. 

She has spent the last three decades 
working to make rice, a food staple for 
more than half the world’s population, 
more resistant to environmental stress. 
She was a central player in one of the 
greatest recent success stories in plant 
genetics, isolating a gene that allows rice 
to survive extended periods of flooding. 
It’s a huge challenge in low-lying parts of 
Asia, wiping out around four million tons 
of rice each year in India and Bangladesh 
alone. A decade after her lab’s discovery, 
more than five million farmers grow rice 
varieties engineered with the so-called 
Subl gene, covering more than two mil¬ 
lion hectares across Asia. 

The latest research could be even more 
significant as climate change ratchets up 
the frequency and intensity of droughts 
across large swaths of Earth, threatening 
the food security and stability of entire 
nations. The number of extreme droughts 
could double by the end of the century, 
devastating fields and farmers across 
South Asia and sub-Saharan Africa. 

Ronald’s work provides a powerful 
statement about the potential of mod¬ 
ern genetic tools to preserve livelihoods 
and lives, offering a counternarrative 
to the widespread fears and distortions 
surrounding genetically modified crops. 
“This focus on genes in our food is a dis¬ 
traction from the really, really important 
issues,” she says. “How can we reduce the 
use of toxic inputs? How can we feed the 
poor and malnourished? How can we be 
sure that farmers have access to seeds, 
and that consumers can afford the food?” 


Ronald grew up San Mateo, Califor¬ 
nia. Her mother was a dedicated gardener, 
cook, and environmentalist. Her father 
was a businessman who fled Nazi Ger¬ 
many as a child. Years after arriving in 
California, they built a 500-square-foot 
cabin in south Lake Tahoe, where the fam¬ 
ily spent summer vacations. One hot day 
when she was around 15, Ronald and her 
brothers hiked a steep path into the High 
Sierra. At the saddle, they happened upon 
a couple hovered over a book. They were 
a pair of professional botanists who were 
cataloguing flowers. She had developed 
an affection for plants from the time she 
spent with her mother in the garden and 
kitchen, but this was the first time she 
realized you could make a living work- 

The number of extreme 
droughts could double by 
the end of the century. 

ing with them. In the late 1980s, during 
her PhD program at UC Berkeley, Ronald 
started working with peppers and toma¬ 
toes. But as she began her postdoctoral 
work, she decided to shift her focus to 
rice, realizing that even small advances 
in stress tolerance for such a critical crop 
could help a lot of people. Tomatoes and 
peppers are “important for salad,” she 
says, “but I wanted to work on supper. 
I wanted to work on a staple food crop.” 

Ronald arrived at UC Davis as an assis¬ 
tant professor in 1992. Her work on flood- 
tolerant rice started in the mid-1990s, as 
a U.S. Department of Agriculture-funded 
collaboration with colleagues. Over the 
course of a decade, the team pinpointed 
and isolated the Subl gene in an ancient 
but unpopular Indian rice variety that 
is able to survive even after being sub¬ 
merged underwater for more than two 
weeks. Since then, the Philippines-based 


International Rice Research Institute, 
backed by more than $70 million in fund¬ 
ing from the Bill & Melinda Gates Foun¬ 
dation, has bred that gene into 10 popular 
Asian rice varieties. In turn, the nonprofit 
put the seeds into the hands of farmers in 
India, Bangladesh, Indonesia, Nepal, and 
other nations. 

Rice is a tough crop to grow, requir¬ 
ing a lot of work and a lot of water. Too 
much water all at once kills it, but so 
does too little. It takes just a week with¬ 
out rain to significantly decrease yields in 
hilly rice-growing areas. The challenges 
of rice production are only bound to get 
worse in many areas as climate change 
raises temperatures, reduces rainfall in 
certain places, and increases flooding or 
sea-level rise in others. Under a climate 
scenario that assumes high greenhouse- 
gas emissions, rice yields would be nearly 
15 percent lower than otherwise expected 
at midcentury, and prices would be 30 
percent higher, according to a 2015 report 
in Environmental Research Letters. 

Shifting farming practices and the fer¬ 
tilizing effect of increased carbon diox¬ 
ide could offset some of these climate 
impacts. But it’s going to become much 
harder and more expensive to maintain 
yields in many areas, and rich nations 
will be in a far better position than poor 
ones to make the necessary changes, says 
Keith Wiebe, a senior research fellow at 
the International Food Policy Research 
Institute. 

The work at Ronald’s lab on drought- 
tolerant rice varieties is in an early phase. 
She declines to discuss details, including 
the basic approach, until she and her col¬ 
leagues have verified the initial results 
in additional experiments and published 
their findings. Other scientists around the 
world are also racing to develop drought- 
resistant crops and have already achieved 
some advances, including sprays, hybrids, 
and genetic alterations that help crops get 
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by with less moisture, perhaps by switch¬ 
ing into water-preserving modes at ear¬ 
lier signs of trouble. But greater advances 
will be required to confront the growing 
challenges ahead, and drought tolerance 
is a tricky problem. The trait generally 
involves various genes and cellular com¬ 
munication pathways. It’s crucial that any 
improvements not come at the expense 
of yield, taste, and other qualities impor¬ 
tant to farmers and consumers. And there 
would seem to be hard limits on how 
much can ever be achieved, as all plants 
need water. 

On an overcast Saturday in late April, 
Ronald stood on stage at a brick plaza on 
the edge of the San Francisco Bay, address¬ 
ing a sign-wielding crowd gathered for the 
March for Science. “Science is based on 
data, not on alternative facts,” she said, 
pausing for applause at the end of most 
sentences. “Science is not a buffet where 
people can pick and choose the parts they 
like, and throw out the rest.” But people 
do, of course. The weakest applause line 
of her speech before the crowd, gathered 
largely to protest the Trump adminis¬ 
tration’s denial of climate science, came 
when she said that science had improved 
California’s fruits, vegetables, and nuts. 
In other words, when she acknowledged 
a field that could help address some of the 
problems arising from a changing climate. 

It was typical of Ronald, who’s deter¬ 
mined to say where she believes the sci¬ 
ence leads, whoever the audience maybe. 
Genetically modified crops have become 
incredibly contentious, widely portrayed 
as reckless attempts to tinker with Mother 
Nature for the sole benefit of seed con¬ 
glomerates. But the body of science 
shows they’ve been both safe and benefi¬ 
cial, Ronald argues. She publicly sparred 
with the Union of Concerned Scientists on 
these issues, suggested that Greenpeace 
was “misinterpreting data,” and criticized 
Vermont’s GMO labeling laws. 


Ronald’s research highlights the 
promise for genetic alterations. Subl 
rice sidestepped any anti-GMO backlash 
because, while the tools of modern genet¬ 
ics were necessary to isolate and express 
the gene, it doesn’t carry any non-rice 
DNA. The trait from one rice variety was 
added to others through modern breed¬ 
ing methods, accelerated by analyzing the 
DNA of offspring to avoid false paths. 

Ronald notes that every major food 
crop has been altered by human hands 
in one way or another. And some of the 
most important advances in the future, to 
improve yields, nutrition, or environmen¬ 
tal tolerance, may be possible only with 
genetic engineering and powerful gene¬ 
editing technologies such as CRISPR. 
What should matter to lawmakers, regula¬ 
tors, or critics isn’t which implement was 
pulled from the ever-advancing genetic 
toolbox, but whether it produced a posi¬ 
tive or negative impact on human health 


or the environment. At this point, we have 
a four-decade track record of genetic engi¬ 
neering in plants, medicine, and cheese, 
with no evidence of harm, Ronald says. 
The danger is that unfounded fears could 
prevent us from easing real human suffer¬ 
ing—for example, if misguided regulations 
slow down the science, or protests prevent 
seeds and crops from reaching the farm¬ 
ers and consumers who need them most. 
For Ronald, the real goal should be sus¬ 
tainability in the broadest sense, apply¬ 
ing whatever combination of breeding, 
organic farming, and genetic technology 
helps us feed a growing population with¬ 
out exacting a higher environmental cost. 
“We need to make policy based on evi¬ 
dence, and based on a broader under¬ 
standing of agriculture,” she says. “There 
are real challenges for farmers, and we 
need to be united in using all appropriate 
technologies to tackle these challenges.” 

—James Temple 
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Who Is Winning the Al Race? 

China and the United States dominate the world of artificial-intelligence research. Microsoft, IBM, and Google are the leading companies. 


China Learns Quickly 

Since 2014 China has published the most research 
papers per year on deep learning, an advanced form 
of artificial intelligence. 
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For years, Microsoft published the most deep¬ 
learning research papers, but Google and IBM 
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The Fight for IP 

IBM has dominated U.S. patent activity in Al, but Google and Facebook may be 
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Google’s Quantum Leap 

The search giant plans to build a chip that will achieve “quantum 
supremacy” in computing by year’s end. 


John Martinis has given himself just a few 

months to reach a milestone in the history 
of computing. He’s leader of the Google 
research group working on building 
astonishingly powerful computer chips 
that manipulate data using the quirks 
of quantum physics. By the end of this 
year, Martinis says, his team will build a 
device that achieves “quantum suprem¬ 
acy,” meaning it can perform a particular 
calculation that’s beyond the reach of any 
conventional computer. Proof will come 
from a kind of drag race between Google’s 
chip and one of the world’s largest super¬ 
computers. 

One reason for his confidence is that 
Google’s roughly 25-strong group has 
made a new quantum chip that tests 
out key design features needed to make 
a device for that head-to-head contest. 
Quantum chips represent digital bits of 
data using qubits, devices that can short¬ 


cut through some tough calculations by 
exploiting the counterintuitive physics of 
quantum mechanics. Researchers have 
so far demonstrated quantum computing 
with only small groups of qubits, though. 
Google has released results from a chip 
that has nine qubits arranged in a line, but 
Martinis says he’ll need a grid of 49 qubits 

The race to develop 
quantum processors 
includes Intel, Microsoft, 
and IBM. 

for his quantum supremacy experiment. 
Google’s latest chip has only six qubits, 
but they are arranged in a two-by-three 
configuration that Martinis says shows the 
company’s technology still works when 
qubits are nestled side by side, as they will 
be in larger devices. 


The six-qubit chip is also a test of 
a manufacturing method in which the 
qubits and the conventional wiring that 
controls them are made on separate 
chips later “bump bonded” together. 
That approach, a major focus of Google’s 
team since it was established just over 
two years ago, is intended to streamline 
the extra control lines needed in a larger 
chip, which can interfere with how qubits 
function. 

“That process is all working,” says 
Martinis. “Now we’re ready to kind of 
move fast.” Designs for devices with 30 
to 50 qubits are already in progress, he 
says. Martinis joined Google in late 2014 
from the University of California, Santa 
Barbara, where he remains a professor 
today. His team is one of several indus¬ 
trial research groups recently formed or 
expanded thanks to growing signs that 
the technology behind quantum com¬ 
puting is becoming more tractable. The 
race to develop quantum processors 
includes Intel, Microsoft, IBM, and even 
startups. Simon Gustavsson, a principal 
investigator in a quantum computing 
research group at MIT, says that Google 
is one of the leaders. “It’s pretty compa¬ 
rable between Google and IBM,” he says. 

Pulling off its quantum supremacy 
experiment this year would underline 
the search company’s competitiveness, 
although quantum processors would need 
to be much larger than 50 qubits to be 
capable of useful work. “It’ll be an aca¬ 
demic milestone,” says Chris Monroe, a 
professor at the University of Maryland 
and cofounder of the quantum computing 
startup IonQ. “Afterward you still have to 
figure out how to make it more scalable 
and programmable.” 

Martinis agrees that much will remain 
to be done, but he argues that the experi¬ 
ment could become a benchmark for any¬ 
one claiming to have a working quantum 
computer. —Tom Simonite 
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Edible CRISPR Could Precisely 
Target Dangerous Germs 

Researchers are in the early stages of developing a probiotic to make disease-causing 
bacteria self-destruct. 


As resistance to antibiotics grows in the 

U.S., researchers are looking for new ways 
to fight germs like Clostridium difficile, a 
bacterium that can cause fatal infections, 
often in hospitals and nursing homes. One 
way to do that could be with a “CRISPR 
pill” that instructs harmful bacteria to 
self-destruct. 

CRISPR is the powerful gene-editing 
technology that’s already being explored 
as a way to precisely edit human genes to 
cure diseases. Because of its versatility, 
it’s also being studied for a huge range 
of other uses. One possibility is to turn 
it into ultra-precise antimicrobial treat¬ 
ments to “specifically kill your bacteria 
of choice,” says Jan-Peter Van Pijkeren, 
a food scientist at the University of Wis¬ 
consin, Madison. While not a household 
name, Clostridium difficile tops the U.S. 
Centers for Disease Control and Preven¬ 
tion’s list of urgent drug-resistant threats. 
A 2015 study by the agency found that 
the bacteria caused nearly half a mil¬ 
lion infections in Americans, leading to 
15,000 deaths. 



Clostridium difficile bacteria in a petri dish, 
glowing under long-wave ultraviolet light. 


CRISPR was actually discovered in 
bacteria. In fact, the system is an immune 
defense bacteria use to fend off invad¬ 
ing viruses called bacteriophages. Bacte¬ 
ria store memories of viral DNA in their 
own genomes as “clustered regularly 
interspaced short palindromic repeats.” 
They use this memory, plus a DNA-slicing 


enzyme known as Cas, to recognize and 
chop up the genes of invading bacterio¬ 
phages. Van Pijkeren’s idea is to use a bac¬ 
teriophage to send a false message to C. 
difficile, one that causes the bacteria to 
make lethal cuts to its own DNA. To do 
it, his lab is developing bacteriophages 
capable of carrying a customized CRISPR 
message. To get the viruses into a person, 
Van Pijkeren plans to add them to a cock¬ 
tail of innocuous bacteria, or probiotic, 
that a person could swallow as a pill or 
a liquid. As it passes through a person’s 
intestinal tract, the bacteriophage would 
infect any nearby C. difficile, causing the 
bacteria to hack up their own DNA. 

Van Pijkeren says the probiotic is 
still in early stages of development. 
However, researchers have previously 
shown that using bacteriophages to 
trigger CRISPR can efficiently kill skin 
bacteria and might also help combat a 
diarrheal infection common in the devel¬ 
oping world. 

The appeal of using CRISPR is that 
such drugs would be very specific—theo¬ 
retically, they would kill a single species 
of germ while leaving beneficial bacte¬ 
ria intact. Broad-spectrum antibiotics, by 
contrast, kill off large swaths of both good 
and bad bacteria. In fact, the overuse and 
abuse of conventional antibiotics is what 
leads to resistance in the first place. 

—Emily Mullin 
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How a Boy’s Lazarus-like 
Revival Points to a New 
Generation of Drugs 

Drugs made from RNA may be the next great class of medicine. 


Cameron Harding is one of 
the first children to survive 
spinal muscular atrophy. 


Shortly after Cameron Harding’s one- 

month check-up, his mother, Alison, saw 
that her newborn seemed to stop mov¬ 
ing. She’d unwrap him from a swaddle 
and his arms would flop to one side. He 
wouldn’t kick his legs or turn his head. 
The diagnosis: spinal muscular atrophy. 
The inherited illness, which destroys the 
motor neurons that control movement, 
often kills children before they turn two. 
In Cameron’s case, it seemed he’d prob¬ 
ably never even have a birthday. 

But when he was seven weeks old, 
Cameron’s parents enrolled him in a clini¬ 
cal trial for an experimental drug. In vid¬ 
eos shot two months later, he could move 
his head and reach for a toy. No child with 
his condition had ever made such a recov¬ 
ery before. The drug Cameron received, 
Spinraza, was developed by Ionis Phar¬ 
maceuticals and Biogen and was approved 
in the U.S. late last year. It may become 
the first blockbuster in a novel category 
of drugs called RNA therapeutics, after 
the genetic messenger 
molecule from which 
they are constructed. 

Drugs made of 
RNA have been in 
development for more 
than 20 years. But Cameron’s remarkable 
trajectory is a sign they could be ready 
to join familiar pharmacy chemicals and 
biotech proteins as the next great class of 
drug types, proponents say. “Right now, 
RNA therapeutics—that’s the future of 
medicine,” says Steven Dowdy of the Uni¬ 
versity of California, San Diego, School 


“This has given us a 
glimpse into a future that’s 
really quite profound.” 


of Medicine. Dowdy admits 
to being a partisan—his lab 
works on RNA—but says 
advances in chemistry have 
finally made this type of drug 
feasible. “We still have a lot 
of work to do, but it’s going 
to be huge,” he says. 

Some investors think so, 
too. One private company, 

Moderna Therapeutics, has 
reportedly managed to raise 
nearly $2 billion to develop 
what it calls a “platform” for 
inventing new RNA treat¬ 
ments. Overall, more than 
150 clinical trials under 
way are using RNA to treat 
cancer, infection, hormone 
problems, and neurologic 
diseases, including Hunting¬ 
ton’s disease. 

Inside our cells, the genes in our DNA 
code are translated into copies made of 
RNA. These copies, in 
turn, float into the cell 
body, where they serve 
as the information tem¬ 
plate from which pro¬ 
teins are manufactured. 
Most drugstore pills act directly on pro¬ 
teins. Gene therapy, meanwhile, seeks to 
replace DNA instructions with new ones. 

What drugs like Spinraza seek to do 
instead is use RNA to block, modify, or 
add to the existing RNA messages in a 
cell. The most serious challenge to this 
approach, says Dowdy, is that cells evolved 





billions of years ago to keep RNA from the 
environment out. Overcoming this deliv¬ 
ery problem has cost company chemists 
many years of effort. 

While the science of RNA has 
unfolded since the 1960s to a drumbeat 
of Nobel Prizes, the advance into real 
medicine hasn’t been quick. RNA drugs 
have been beset by serious side effects, 
and several have been pulled from human 
tests over safety concerns. In October, the 
biotech company Alnylam had to stop a 
large study of one drug, Revusiran, after 
unexplained deaths in volunteers being 
treated for a hereditary metabolic disease, S 
ATTR amyloidosis. Alnylam, which works | 
with a technique for blocking RNA mes- 3 
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sages, has spent about $1.5 billion since 
being founded in 2002 but is still work¬ 
ing toward its first product. In a Janu¬ 
ary paper, it showed that one of its drugs 
could lower cholesterol levels for six 
months with one shot. 

Rachel Meyers, previously a senior 
executive at Alnylam, says one problem 
facing RNA drugs is that companies have 
too often tried to use them to treat dis¬ 
eases where other options exist. Instead, 
she believes, RNA therapeutics are more 
likely to find success in situations, like 
Cameron’s, that can’t easily be treated in 
any other way. Spinraza works through 
a mechanism called “antisense.” The 
drug is a chemically enhanced strand of 


RNA that, by matching up 
with a mirror copy present 
in Cameron’s cells, allows his 
body to correctly assemble a 
protein his nerve cells need. 

Last year, two drugs that 
work along these lines were 
approved in the U.S. The 
other, Exondys 51, developed 
by Sarepta Therapeutics, was 
approved to treat muscular 
dystrophy after becoming the 
focus of impassioned lobby¬ 
ing by parents of affected 
boys, who prevailed on the 
U.S. Food and Drug Admin¬ 
istration to allow it on the 
market despite limited evi¬ 
dence of its benefits. 

There are no such ques¬ 
tions about the drug Cam¬ 
eron receives. Its effects are 
“Lazarus-like,” according to 
one expert, but it is not sim¬ 
ple and is not a permanent 
cure. It’s delivered through 
a spinal tap once every four 
months, and Cameron will 
need it for the rest of his life. 
The cost of the injections: 
$375,000 a year. “This has given us a 
glimpse into a future that’s really quite 
profound, at least in serious disorders of 
the central nervous system,” says Michael 
Ehlers, executive vice president of Biogen. 

What happens next for Cameron is not 
clear. Because Spinraza just started being 
tested in children five years ago, doctors 
aren’t sure what will occur as Cameron 
grows older. C. Frank Bennett, senior vice 
president of research at Ionis, says the 
company is now studying the results if the 
drug is given even earlier, just after birth, 
and before symptoms start. So far, he says, 
these kids are meeting their developmen¬ 
tal milestones by rolling over and crawling 
on time. —Karen Weintraub 


QUOTED 


“Software is eating the 
world, but Al is going to eat 
software.” 

— Nvidia CEO Jensen Huang on how the 
machine-learning revolution is just beginning. 


“We have no interest in 
creating more survivors 
with impaired quality of life.” 

— Alan Flake, a surgeon at Children’s Hospital 
of Philadelphia, where researchers kept eight 
premature baby lambs alive in artificial wombs 
for weeks. 


“I would block its attempts 
to patrol my facilities, to 
prevent it from monitoring 
my assets.” 

— 24-year-old Byun Hyun Woo, a champion 
Starcraft player, who does not believe artificial 
intelligence will master the game in his lifetime. 


BY THE NUMBERS 


500 

Number of new cars that China’s BYD, the larg¬ 
est electric-vehicle manufacturer in the world, is 
making per day, down from 900 before the gov¬ 
ernment cut subsidies for EVs. 


29 

Number of hours a home can be powered by a 
single revolution of the world’s largest wind tur¬ 
bines, 195 meters tall, which are operating off the 
northwest coast of England. 


10,000 

Factor by which the cost of DNA-based data 
storage needs to fall before it can become com¬ 
mercially available, according to Microsoft, 
which plans to be ready to offer it when it does. 


$ 150,000 

Annual cost of the immunotherapy Keytruda, the 
first drug approved to treat cancer on the basis 
of its genetic makeup rather than its 
location in the body. 
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Upfront 



Real or Fake? Al Is Making 
It Very Hard to Know 

Thanks to machine learning, it’s becoming easy to generate realistic video, and 
to impersonate someone. 


News headlines might not be the only 

things that are fake in the future. Power¬ 
ful machine-learning techniques are mak¬ 
ing it increasingly easy to manipulate or 
generate realistic video and audio, and to 
impersonate anyone you want with amaz¬ 
ing accuracy. 

A smartphone app called FaceApp, 
released recently by a company based in 
Russia, can automatically modify some¬ 
one’s face to add a smile, add or subtract 


years, or swap genders. The app can also 
apply “beautifying” effects that include 
smoothing out wrinkles and, more contro¬ 
versially, lightening the skin. And a com¬ 
pany called Lyrebird, which was spun out 
of the University of Montreal, has dem¬ 
onstrated technology that it says can be 
used to impersonate someone’s voice. The 
company demonstrated it with clips in 
which Barack Obama, Donald Trump, 
and Hillary Clinton apparently endorsed 


the technology. These are just two exam¬ 
ples of how the most powerful AI algo¬ 
rithms can be used for generating content 
rather than simply analyzing data. 

Powerful graphics hardware and soft¬ 
ware, as well as new video-capture tech¬ 
nologies, are also driving this trend. Last 
year researchers at Stanford University 
demonstrated a face-swapping program 
called Face2Face. It manipulates video 
footage so that a person’s facial expres¬ 
sions match those of someone being 
tracked using a depth-sensing camera. 
The result is often eerily realistic. 

Both FaceApp and Lyrebird use deep 
generative convolutional networks to 
enable such tricks. They are applying an 
emerging technique that lets algorithms 
go beyond just learning to classify things 
and generate plausible data of their own 
by using very large, or deep, neural net¬ 
works. Such networks are normally fed 
training data and tweaked so that they 
respond in the desired way to new input. 
For example, they can be trained to recog¬ 
nize faces or objects in images with amaz¬ 
ing accuracy. But the same networks can 
then be made to generate their own data. 
For instance, such a network can gener¬ 
ate images from scratch that look almost 
like the real thing. In the future, using 
the same techniques, it may become a lot 
easier to manipulate video, too. 

—Will Knight 


TO MARKET 


Lighthouse 

Home Security Assistant 

COMPANY: 

Lighthouse 

PRICE: 

$399 

AVAILABILITY: 

September 2017 



A new smart-home assistant and security monitor can tell the 

difference between specific adults and spot kids and pets, and | 

send you smartphone alerts about what they’re up to. Light- | 

X 

house uses two cameras, including a 3-D time-of-flight camera § 
that can see how far away an object is and distinguish objects in 

co 

the foreground from those in the background. If the device finds h 

something that may be interesting—say, your kids walking into § 

the living room at 11 p.m., or an unknown person in the house while § 
you’re out—it will send the information to a remote server, which | 
analyzes the data and works with a Lighthouse app running on i 

your smartphone to figure out what to do with it. —Rachel Metz I 
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Self-Driving Cars’ 
Spinning-Laser Problem 

Progress toward practical autonomous vehicles requires improvements to the 
sensors that map a vehicle’s environment in 3-D. 


Many components go into making a vehicle 

capable of driving itself, but one is proving 
to be more crucial and contentious than 
all the rest: the lidar sensor, a device that 
maps objects in 3-D by bouncing laser 
beams off its surroundings. Self-driving 
vehicles being tested by companies such 
as Alphabet, Uber, and Toyota rely heav¬ 
ily on lidar to locate themselves on the 
detailed maps they need to get around, 
and to identify things like pedestrians and 
other vehicles. The best sensors can see 
details of a few centimeters at distances 
of more than 100 meters. 

Most companies in the race to com¬ 
mercialize self-driving cars consider lidar 
essential (Tesla is a rare exception, rely¬ 
ing solely on cameras and radar, which 
can’t map the world in 3-D anywhere near 
as accurately). But self-driving technology 
has ramped up so fast that the nascent 
industry is suffering from a kind of lidar 
lag. Making and selling lidar sensors was 
previously a relatively niche business, and 
the technology doesn’t yet seem mature 
enough to become a standard component 
in millions of cars. 

One problem is that lidar sensors are 
bulky. They are why vehicles being tested 
by Waymo, Alphabet’s self-driving-car 
unit, are topped by a giant black dome, 
and Toyota’s and Uber’s sport spinning 
gadgets the size of a coffee can. They’re 
also expensive, costing thousands or even 
tens of thousands of dollars apiece. Most 
vehicles in testing have multiple lidars 
onboard, and despite the relatively small 
numbers on the road, demand has become 
a problem for lidar manufacturers. 


It’s a problem that’s getting plenty of 
attention. Better lidar is a core part of 
Waymo’s plan to make self-driving cars a 
mass market and a profitable proposition. 
The company has developed three differ¬ 
ent sensors that look for objects at differ¬ 
ent ranges. And last year Ford and Baidu, 
the Chinese search company investing in 
self-driving cars, jointly invested $150 
million in Velodyne, the world’s leading 
lidar supplier. The company is building 
a new “megafactory” in San Jose that’s 
scheduled to start churning out lidars 
starting next year. 

Still, many in the self-driving-car 
industry think lidar needs reinventing if 
it is to become practical enough. Velodyne 
is one of several companies working on 
designs that don’t use spinning mirrors 


to direct their laser beams out into the 
world, as the devices on the road today do. 
Versions that steer their lasers electroni¬ 
cally, described as solid state, should be 
much cheaper, smaller, and more robust, 
because they don’t have moving parts. 

It’s a theory yet to be fully tested. Velo¬ 
dyne reported last December that its proj¬ 
ect had made a “breakthrough” that could 
make lidars as cheap as $50, and it plans 
to start producing a solid-state sensor 
next year. Startup Quanergy, which last 
year scored $90 million in funding, says it 
will start producing solid-state lidar sen¬ 
sors at a factory in Massachusetts this year 
and sell them for $250, but full details are 
still unclear. Auto-parts suppliers Conti¬ 
nental and Valeo are working on similar 
technology of their own, but they say it 
will come to market in two or three years. 

Automakers including Ford and 
BMW have said they want to have fleets 
of autonomous cars operating on roads by 
2021. The performance, cost, and looks of 
those vehicles will be shaped by progress 
on the lidar sensors so crucial to today’s 
prototypes. —Tom Simonite 
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More Than 
GM o 


A few companies that master digital technologies are 
capturing huge chunks of the economy. Does this explain 
the persistence of slow growth? 


By James Surowiecki 
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The digital economy has transformed 
the way we communicate with 
each other; the way we consume 
information, products, and services; 
the way we entertain ourselves. It’s 
revolutionized seemingly non-digital 
industries—think of how different 
financial services, for instance, are 
today from what they were two decades 
ago—and investors expect it to soon 
transform others, which is why Tesla 
Motors is worth more than General 
Motors despite making a tiny fraction 
as many cars as GM makes and earning 
a tiny fraction of the revenue. 
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This phenomenon explains 
why the so-called Big Five 
of the digital economy— 
Apple, Alphabet, Microsoft, 
Amazon, and Facebook— 
have, at various points over 
the last year, been the five 
most valuable companies in 
the world. 

So you might say that the digital economy 
has lived up to the expectations people had 
for it 20 years ago, in the early days of the 
Web. In other important ways, however, 
its consequences have been smaller than 
you might think. U.S. GDP growth has, by 
historical standards, been disappointingly 
slow since the arrival of the Internet. 

Productivity growth, which many assumed would be invigorated 
by the impact of digital technologies, has been dismal for much 
of this century. In the heyday of the Internet boom during the 
late 1990s, productivity growth accelerated for the first time since 
the 1970s, and it appeared for a short while as if technological 
innovation had solved a central problem with the U.S. economy. 
But the productivity boom ended in the early 2000s, and it never 
resumed. Some observers initially suspected mismeasurement, 
arguing that GDP was not capturing the true value of the many 
free goods the digital economy offers. But there’s little doubt that 
the productivity revolution we hoped digitization would usher 
in has yet to materialize. 

The digital economy also has not transformed the job market 
as much as one might have expected. To be sure, we now have 
entirely new categories of workers: fleets of Uber drivers, and the 
TaskRabbiters who haunt Whole Foods stores in major cities. But 
Americans aren’t job-hopping more than they used to—in fact, 
by some measures they’re changing jobs less than at any point 
in the past two decades. And digitization has also eliminated 
swaths of workers—not just because of automation, but also 
because of things like online shopping, which has put hundreds 


of thousands of retail workers out of a job. More important, the 
digital economy has not been the source of a huge number of 
good, well-paying jobs. In fact, the rise and consolidation of the 
digital economy has coincided with an extraordinarily weak 
labor market. Wages for American workers have just recently 
started to grow at a clip faster than inflation, but for most of this 
century they’ve been close to stagnant. (The same is true in most 
developed countries.) That’s not the fault of digitization. But 
digitization has not been the driver of job and economic growth 
that many hoped it would be. Information and communication 
technologies—which include software and IT companies and 
Internet firms, along with entertainment and publishing—have 
seen their share of GDP rise just 1 percent since 2000. And while 
that’s almost certainly an understatement—and doesn’t capture 
the impact of digitization on other industries—the number 
is striking. So, too, is the fact that only a small percentage of 
private-sector workers work in what you would think of as 
digital companies. 

Still, the most surprising—and potentially troubling—thing 
about today’s digital economy is how remarkably stable it has 
become. The buzzword that was always associated with digitiza¬ 
tion was “disruption.” The Internet and other digital technolo¬ 
gies, it was assumed, would accelerate competitive pressures 
and make it harder for incumbents to hold onto power. If the 
old industrial order was characterized by companies that stayed 
at the top for decades, the digital economy, with its suppos¬ 
edly low barriers to entry and low switching costs, was going 
to be characterized by constant turnover at the top. Instead, 
the opposite is true. Today’s digital economy, at least on the 
consumer side, is dominated by the same five giants that have 
dominated it for at least the past decade and that almost every¬ 
one seems to anticipate will dominate it for the foreseeable 
future (at least if you go by their market capitalizations, which 
anticipate many more years of enormous profits for all of them). 
The digital economy is an economy in which platforms are the 
biggest source of value, and the Big Five’s platforms are the 
most lucrative ever invented. The result is that this economy 
is governed, in effect, by an oligopoly. The Big Five sometimes 
compete and sometimes cooperate, but ultimately each has 
solid control over its core markets. 

“Oligopoly” sounds sinister, but this one was not primarily 
created by overtly anticompetitive or monopolistic behavior. 
Rather, digital markets are what economists call winner-take- 
all markets, in which success tends to breed nearly insuperable 
advantages. The rule that seems to govern today’s digital econ¬ 
omy, in fact, was well stated in Matthew 13:12: “For whoever 
has, to him more shall be given, and he will have an abundance.” 
Which is great for those who have, and not so great for everyone 
trying to compete with them. 
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Power of numbers 

How did we end up with a digital economy dominated by a few 
big players? The simplest explanation focuses on what are called 
network effects, whereby a product or service becomes more valu¬ 
able the more people use it. In the classic example of a network 
effect, a telephone is worthless if only one person has one, since 
there’s no one to call. If two people have telephones, they now have 
some value. And if a million people have telephones, the phone 
network suddenly becomes enormously valuable. 

The implication is that the more users a network has, the 
easier it becomes to add more users. And direct network effects 
in this sense are important in understanding the success of a 
company like Facebook. Facebook’s single biggest advantage over 
any would-be competitors, at this point, is simply that it’s such an 
immense network that if you want to connect with people, it’s the 
logical place to start. The same is true of services like Instagram 
and China’s WeChat. For digital companies like Snap and Twitter, 
which are struggling to become profitable, direct network effects 
are just about the only value they have at all. 

The Big Five also benefit from what are sometimes called 
indirect network effects, including the fact that sellers want to 
be where buyers are, and vice versa. Because Google has such an 
enormous user base, companies want to advertise with it. And 
that makes Google a natural place to go if you’re looking to buy 
something. Similarly, because Amazon has such a critical mass of 
customers, it’s the natural place for third-party sellers to gravitate. 
When Amazon made the decision to allow third-party sellers on 
its site, competing with its own wares, the decision seemed crazy 
to many at the time. But it positioned the company to benefit from 
the network effect: having third-party sellers made Amazon more 
appealing to customers, which in turn made it more appealing to 
sellers, creating a virtuous cycle for the company. 

Beyond the network effects is another, related way that the 
sheer scale of the Big Five helps them stay on top: through the 
access they have to enormous amounts of user data. That data, 
which is far more detailed and granular than anything compa¬ 
nies have been able to access in the past, helps these companies 
improve their products and services, which in turn helps them 
add more users, which gives them access to more data, and so on. 
This data flywheel effect did not get as much attention as network 
effects in the early days of the digital economy, but it’s become 
clear that user data is an enormous competitive advantage for the 
powerhouses of the digital economy and a key reason why it’s dif¬ 
ficult to imagine them being toppled anytime soon. By tracking 
people’s clicks, Google is continually improving its search results 
and ad servicing. Amazon and Netflix and Apple mine their data 
to improve their recommendation algorithms, making it more 
likely they’ll offer you things you want to buy or watch. This pro¬ 


cess isn’t automatic—you need to have lots of smart data scien¬ 
tists and be willing to invest the resources to ceaselessly upgrade 
your product. But if you do that, and all of the Big Five do, the 
rewards can be immense—far greater than what comes merely 
from the traditional online business model of packaging data and 
selling it to advertisers. 

The ability to gather enormous amounts of data and analyze 
it efficiently is also at least part of the reason investors think Tesla 
is more valuable than General Motors. After a traditional car 
company sells a car to a customer, its relationship with that cus¬ 
tomer typically is limited (except for maintenance and servicing). 
Tesla, by contrast, collects terabytes of driving data—including, in 
some cases, video data—from its customers. That data is then put 
to use in improving the self-driving features of its cars. Accord¬ 
ing to Adam Jonas, an analyst at Morgan Stanley, Tesla cars are 
now logging five million miles a day. Since making self-driving 
cars work depends on machine learning, which in turn requires 
reams of the data that AI learns from, Tesla’s advantage in data 
is likely to translate into a huge advantage in making safe and 
effective self-driving cars. Indeed, Jonas has argued that Tesla’s 
new mass-market Model 3 sedan could be up to 10 times safer 
than the average car. 

Finally, the Big Five have entrenched themselves in a more 
traditional fashion, by using their highly valued stock and their 
enormous amounts of cash to buy other companies, something 
they’ve done far more aggressively in recent years. Together, 
Google, Apple, and Microsoft have roughly a quarter of the cash 
reserves in the entire S&P 500. Google, the most active buyer, 
has averaged one acquisition a month. Acquisitions have become 
increasingly important as a way to gain new 
technology and new engineering talent, 
expand into new markets or new product 
areas, and in some cases squelch poten¬ 
tial competition. And since no competitor 
has the resources to outbid the Big Five, 
it’s another way in which simply being big 
makes it easier to keep getting bigger. 

Digital monopolies 

So on the one hand, we have a digital economy that, for all the 
value it’s created, has not dramatically improved economic growth 
or wage growth for ordinary workers; on the other, a big chunk 
of that economy is dominated by a very small group of players. 
And what’s interesting is that there’s some reason to think these 
two things are, in fact, connected to each other. 

To begin with, the most important fact about platform com¬ 
panies is that they scale, meaning that they can create enormous 
amounts of value while employing a relatively small number of 
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Tesla & GM 
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Market capitalization: 

$59B 

# of employees: 

17,782 

Revenue: 

$7B 

# of cars delivered in 2016: 

76,230 



Market capitalization: 

$52B 

# of employees: 

225,000 

Revenue: 

$166B 

# of cars sold in 2016 

10,008,000 


The Big Five 


1. Apple. . $807B 

2 . Alphabet. . $690B 

3. Microsoft. . $559B 

4. Amazon . $1+81+B 

5. Facebook. . $447B 
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workers. This is a good thing from the perspective of efficiency. 
But it also helps explain why today’s digital giants have a smaller 
impact on the economy than dominant companies had in the 
past. Together, the Big Five employ around 400,000 full-time 
workers in the United States. That might sound like a lot. But 
roughly half of those workers are Amazon employees, many in 
relatively low-skill, low-paying warehouse jobs. And it’s actually 
fewer employees than General Motors alone had in 1979, when 
the U.S. workforce was a lot smaller. What’s more, where GM’s 
production led to eight jobs in its supply chain for every one per¬ 
son it employed directly, the ripple effects of the Big Five’s busi¬ 
nesses, with the exception of Apple, are much smaller. The result 
is that the rewards of the digital economy are more concentrated 
among a small number of workers than the rewards of the indus¬ 
trial economy were. 

This is aggravated by the fact that the Silicon Valley dream 
of starting a company in your garage and making it into a huge 
business has become less realistic than ever. Even though billions 
continue to be poured into venture funding (more than $200 bil¬ 
lion between 2011 and 2016), and even though the number of so- 
called high-growth startups has not declined in recent years, work 
by the MIT economists Scott Stern and Jorge Guzman shows that 
fewer of those startups are succeeding than did in the past. Of 
course, we still have the Teslas and Ubers (or Lyfts) of the world. 
But they are rarer than they once were. And one plausible reason 
is the sheer scale and scope of the Big Five, which can meet com¬ 
petitive challenges either by copying the innovations of others (as 
Facebook arguably did with Snapchat), and thereby making them 
seem superfluous, or simply by buying potential competitors at an 
early stage. Regardless of why it’s happening, though, the result is 
less dynamism in the economy, and less spreading of the wealth. 

One obvious solution to the problems caused by the concen¬ 
tration of power in just a few companies is to break up the Big 
Five or regulate them as, in effect, public utilities. And of late, 
there have been more and more calls for dramatic action. But 
this is difficult for a variety of reasons. First, these companies 
don’t, for the most part, fit the stereotype of the monopolist. 
They aren’t “natural monopolies,” like power companies, in mar¬ 
kets where it would be practically impossible for a competitor 
to arise. Anyone who wants to build a new search engine, or a 
new online retailer, can do so. These companies also, with some 
exceptions, didn’t achieve their dominance 
by engaging in conventionally anticompeti¬ 
tive behavior so much as they exploited the 
nature of the digital economy to build and 
maintain their empires. 

Nor do you hear too many complaints 
from consumers, although issues of privacy 
obviously still matter. Indeed, relative to 


One obvious solution to the 
problems caused by the 
concentration of power in a 
few companies is to break 
up the Big Five or regulate 
them as, in effect, public 
utilities. This is difficult for a 
variety of reasons. 

industries like cable television or airlines, 
digital companies tend to do well on cus¬ 
tomer satisfaction, and the digital economy 
as a whole has become a cornucopia of “free” 
stuff (paid for with consumers’ attention but 
not their cash). And even though, in prac¬ 
tice, consumers often get locked in to the 
technologies these companies offer (if only 
because once your data is in the cloud, it’s so much easier to stay 
than leave), the businesses have no real leverage over consumers. 
Most also continue to pour billions of dollars into research and 
development, and they are constantly upgrading their products 
and services. So it’s hard to argue that these giants have been any¬ 
thing but beneficial to consumer welfare, which since the 1970s 
has been the standard that antitrust regulators apply. 

Indeed, when we look at what the digital economy has done 
over the past two decades, what becomes clear is that it has created 
an enormous amount of value for consumers and for a small group 
of big companies, even as it has diminished competition, central¬ 
ized power, and made life much more difficult for businesses that 
produce content or try to compete with the economy’s dominant 
players. (In one way or another, if you want to make money in the 
digital economy, you will almost certainly find yourself working 
with, rather than against, one of the Big Five.) In the industrial 
economy, the benefits were spread widely among companies, 
employees, and consumers. The digital economy is giving us a 
world in which the benefits are concentrated among consumers 
and the Big Five who serve them. Everyone else just lives in it. H 


James Surowiecki is the author of The Wisdom of Crowds and a se¬ 
nior story producer at Vice News Tonight. 
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A Job 
Plan for 
Robots an 
Humans 


Melonee Wise’s startup Fetch Robotics 
employs about 50 people and more 
than 125 robots. She intends to create 
many more jobs for both. 


By Tom Simonite 
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One perk of working for Melonee Wise’s startup Fetch is 

that if your feet are tired you can glide around the office on 
the back of a squat wheeled robot. More usually, she and 
her roughly 50 employees keep themselves busy designing, 
building, and selling the machines to work in warehouses 
or factories across the globe. The San Jose company’s 
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machines are canny enough to work safely alongside 
people without requiring any changes to a facility—all they 
need is a map. Wise, one of MIT Technology Review's 2015 
Innovators Under 35, built her first robot, Zippy, in college, 
out of plywood and scavenged computer parts. She spoke 
with San Francisco bureau chief Tom Simonite. 


Do your robots replace people? have been absurdly focused on usability in the last year and a half. 

No one has ever lost a job because of our robots. Customers need us For many of the people who interface with our technology on a day- 

because they just can’t hire enough people. There’s 20 percent annual to-day basis in a warehouse, the Web browser is already a challenge, 

turnover and an estimated 600,000jobs in the United States going unfilled. Adding robots into the mix is like dropping an elephant on them. 


Did I just see a robot go past the door of this meeting room 

carrying a box of cookies? 

That’s snackbot. We use our commercial software internally, and you 
can type into Slack and say “Robot, I’m hungry,” and it brings cook¬ 
ies to you. The team uses that because it’s fun and you don’t have 
to walk to the kitchen, but it also gets them closer to the product. 

Why do you market the versions of your robots with arms 

and grippers only to researchers, not for warehouse work? 

Today it costs about $40,000 to lift up a gallon of milk—that’s the cost 
of a robotic arm that can do that. We’re trying to lower the cost—for 
example, by reducing the number of components in a motor. We’re 
also working on programming the robot by demonstration—basically 
teaching it a task by hand. 

What kinds of relationships do people have with your robots? 

Some kind of projection of emotion is inevitable, and you want it to 
be safe and productive. Making the robot much shorter than a per¬ 
son helps people perceive it more as a child than an adult. A lot of 
people associate our robots with puppies: they call them pups. We 
want that, because people are much more inclined to help something 
that seems simple. 

There’s a lot of excitement about robots advancing quickly 

thanks to machine learning. Do you buy it? 

I think people are very bad at predicting time lines in the evolution of 
products. And there are false indicators in the world that give people 
the perception that things are moving faster than they are. One is facial 
recognition in things like Facebook. All of that is predicated on a per¬ 
son being centered in the image and well lit. If the lights in this room 
were very dim, I could probably figure out who you are, but a robot 
would have no hope in hell. People aren’t wrong to get excited. But 
personally I have a hard time even imagining in my lifetime that we’ll 
have generalized home-purpose robots for cleaning and doing dinner. 

When you founded Fetch, you designed and built the first 

robots. Now that you have customers, has your job changed? 

I’ve become more and more focused on not just making the robots 
work but making sure that we know where they’re going to work. I 


Not many Silicon Valiev founders are women. Is it harder to 

make it as a female founder? 

I haven’t lived through a guy’s experience, so it’s really hard to say. 
There are only a couple of instances where I’ve run into some awk¬ 
wardness around being a woman, most of the time on the subject of 
what my personal family planning goals are. It’s so hard to be a founder 
anyway—it takes the right person, and that isn’t specific to men or 
women. But some things I perceive as a little bit easier. One is hiring 
[diverse candidates]. I think women and other minorities don’t opt out 
when applying [to Fetch] because they look at the Web page and see 
myself and the diversity of the staff that we already have. 

What causes the lack of diversity in tech? 

How do you blame an industry for being full of men when the pool 
that they’re pulling from is full of men? If you look at my childhood, my 
dad’s side of the family was like, “Yes, do it—get an education.” My 
mom’s side was like, “You’re wasting your time—you need to go start 
a family, focus on the things that you are good at because you’re a 
woman.” I did pick a side, but that doesn’t mean it wasn’t hard to hear. 

You said no one has lost a job to a Fetch robot, but over time, 

aren’t products like yours going to displace human workers? 

There will be displacement. All technology does it. But this is not a 
technology discussion, this is a socio-political discussion. Technology 
is going to continue to advance, and technology always creates jobs. 
Long term, as Fetch deploys more robots, we’ll need more people to 
maintain the robots, to program the robots, to install the robots. Those 
jobs are coming. The question is, will the people whose jobs are dis¬ 
placed be retrained to do the new jobs that are available? Typically, 
training is motivated through social, political, and economic means— 
incentivizing companies or making college free. I personally believe 
that we as a country should move toward universal basic income. 

How would that be different from existing state support? 

I was on welfare most of my childhood, and it didn’t get you every¬ 
thing. I still had to stand in food lines and go to food pantries. I think 
of universal basic income as saying we all have the right to live our 
lives and experience the basic standards of life—and anything above 
that is yours to get. 
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Help from Above 

In Rwanda, an early commercial test of unmanned aerial 
vehicles is delivering urgently needed medical supplies. 

By Jonathan W. Rosen 


Photographs by Jason Florio 



TECHNOLOGYREVIEW.COM 


MIT TECHNOLOGY REVIEW 

VOL 120 | NO. 4 



can hear the drone before it’s visible, whining like a mosquito 
above the hillside grounds of Rwanda’s Kabgayi District Hospi¬ 
tal. Emerging through a patch of fog, roughly 100 feet in the air, 
the small plane quickly disappears again, circling in an oblong 
pattern as it descends toward an altitude low enough to make 
its drop. After a period of silence, it’s suddenly back, swooping 
over the roof of Kabgayi’s accident ward to drop its payload on 
the driveway with a thud. On the ground lies a red cardboard 
container, roughly the size of a shoebox, attached to a parachute 
made of wax paper and biodegradable tape. The contraption may 
resemble a children’s art project, but its contents are lifesaving. 
Packed tightly inside are two units of human blood, which will 
probably soon be used for transfusions during surgeries or com¬ 
plicated childbirths, or to treat young victims of malaria. 

The plastic sachets of blood are among the first commercial 
products ever delivered by drone, part of a partnership between 
the Rwandan government and the Silicon Valley-based robotics 
firm Zipline, which began introducing the blood drops at Kabgayi 
in late 2016. The service, which is now delivering to seven of 21 
planned facilities, is still in its infancy. Yet it has already had 
an impact. In the past, hospital staff would make three drives 
per week to procure blood products in the capital, Kigali, 60 
kilometers away, a three- to four-hour round trip. Emergencies 
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A Zipline technician uses a catapult 
mechanism to launch a drone carrying blood 
sachets toward Kabgayi Hospital. Once a ^ 
drone is over the hospital, its package drops 
to the ground via parachute. 


meant additional trips—sometimes resulting in life-threatening 
delays. Now, a Kabgayi lab technician simply taps out an order 
on a smartphone and Zipline’s distribution center, located five 
kilometers from the hospital, will have a drone there within 15 
minutes. “Before, it was a serious problem to have blood when 
we needed it,” says Espoir Kajibwami, a surgeon who served as 
Kabgayi’s medical director until February. In emergency cases, 
he says, the hospital would often send the patient to the national 
referral hospital in Kigali rather than wait for the blood to arrive. 

Zipline’s blood deliveries come at a time of great activity in 
the world of drone-enabled commerce. Last December, three 
years after announcing its much-publicized Prime Air service, 
Amazon conducted its first commercial drone delivery, to a farm¬ 
house in rural England. The month before, the convenience- 
store chain 7-Eleven completed 77 on-demand drone deliveries 
of pizza, Slurpees, and over-the-counter medicines to customers 
in Reno, Nevada. UPS, which has helped finance Zipline’s opera¬ 
tions through a $1.1 million grant from its charitable foundation, 
delivered a package in February with a drone launched from 
the top of one of its signature brown trucks. Flirtey, the drone 
maker behind the 7-Eleven pilot, has also tested the delivery of 
medicines in understocked parts of Appalachia. Another U.S. 
firm, Matternet, has conducted test flights in collaboration with 
UNICEF to deliver infant HIV test kits in Malawi. 

Yet Zipline, which uses fixed-wing drones that have a greater 
range and are more resilient in bad weather than the more com¬ 
mon multicopter models, is the first in the world to offer regular 
delivery of emergency medical products. 

Founded in 2011 under the name Romotive, the company 
first gained notoriety as the maker of Romo, an iPhone-powered 
robotic pet, before CEO Keller Rinaudo decided to seek a prod¬ 
uct that would have a greater social impact. Soon he and Zipline 
cofounders William Hetzler and Keenan Wyrobek were scouring 
the developing world to learn how drone-based logistics could 
help save lives. 
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Lab technician Prosper Uzabakiriho 
collects a package for Kabgayi Hospital < 
con taining blood dropped by paper r 
parachute from the Zipline drone. 


On two separate trips to Tanzania in 
2014, Rinaudo and Hetzler, who’d first 
worked together as Harvard freshmen to 
build a rock-climbing gym on campus, 
met a researcher working with a local 
NGO who’d created a text-message-based 
health surveillance system. Through a 
network of community health workers, 
the project tracked hundreds of health 
emergencies across the country, includ¬ 
ing snakebites, possible rabies cases, 
and severe postpartum hemorrhaging. 
Frequently, however, reaching remote 
patients with treatment in time was cost- 
prohibitive or logistically impossible. “You 
have this database full of tragic human 
stories,” says Hetzler, 30. “The obvious 
missing piece was a way to very rapidly 
respond to that demand and get the prod¬ 
uct into a place where it isn’t otherwise 
readily accessible.” The pair came away 
from their visits feeling they could build 
that. 

Under the technical direction of 
Wyrobek, Zipline’s engineers got to work 
at the company’s headquarters in Half 
Moon Bay, California, developing a craft 
with twin electric motors that could carry 
a 1.5-kilogram payload and operate in 
almost any weather. As the technology 
progressed, Rwanda emerged as an ideal 
spot to test the Zipline vision. Similar to 
Tanzania, its neighbor to the east, the 
small East African country is home to a 
predominantly rural population that is 
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A Zipline technician carries 
one of the company’s drones. 


► 


The drone is monitored as it follows 
its pre-programmed flight path. 


► 


plagued with transportation challenges. A majority of Rwanda’s 
478 health centers, and many of its 35 district hospitals, can be 
accessed only via poorly maintained unpaved roads, which often 
spiral into its famed “thousand hills” and are difficult to traverse 
by vehicle, particularly during the twice-yearly rainy season. 
Unlike Tanzania, though, Rwanda is compact: with 12 million 
people in an area the size of Maryland, it is the most densely 
populated country in mainland Africa. This meant that Zipline’s 
drones, which have a flight range of 150 kilometers, could serve 
nearly half the country from a single launch site. 

Zipline’s idea caught on with Rwandan authorities, includ¬ 
ing the country’s civil aviation body, which altered regulations to 
enable its drones to operate. In mid-2016, Zipline signed a deal 
with the Rwandan government to build a distribution center 
near the town of Muhanga. 

This hilltop site, erected on a former maize field, is now 
known as the nest: a fenced-in plot consisting of a white circus- 
style tent housing a blood storage facility, 13 drones (nicknamed 
“zips”), and a small staff of young Americans and Rwandans. On 
one side of the tent, two stainless-steel launchers, facing oppo¬ 
site directions to account for changing winds, employ a system 
of bungee pulleys to catapult the 12-kilogram drones into the 
air at 84 kilometers per hour. On the other, two brown inflat¬ 
able mats cushion the zips’ landing on return. Once the drones 
are airborne, cruising over an undulating landscape dotted with 
banana trees, cassava fields, and tin-roofed houses, an opera¬ 
tor monitors their path on an iPad, staying in constant touch 
with air traffic control in Kigali. All routes, developed using a 
3-D satellite map followed by detailed manual ground surveys, 
are pre-programmed using real-time kinematic satellite naviga¬ 
tion, which—along with an inertial navigation system—enables 
the payload to drop within a target area five meters in diameter. 
“Accuracy is extremely important,” says Hetzler, adding that if the 
drops were less precise, packages could end up on roofs, in trees, 
or in other inaccessible spots that could destroy the operation. 


He says the company is developing technology that will automate 
the ground surveying process. 

Zipline’s plans for Rwanda include scaling up to a wide range 
of medical products, including emergency rabies vaccines; drugs 
to treat HIV, tuberculosis, and malaria; contraceptives; and 
diagnostic test kits. 

Yet blood represented a natural starting point. After all, it 
has a shelf life of only 42 days, must be kept refrigerated, and is 
frequently needed on an urgent basis. 

Today, Rwanda’s Ministry of Health stores blood at a national 
center in Kigali and four regional depots around the country; its 
58 facilities equipped to handle blood transfusions, mainly hos¬ 
pitals, keep a small inventory of common blood types and must 
continually restock from the depots or national center. Some¬ 
times the stock on hand is sufficient for emergency transfusions. 
Often it is not, particularly if the patient has a less common blood 
type. In these cases, the facility must refer the patient or collect 
the blood by car, motorbike, or truck. 

Among the individuals most vulnerable to blood delivery 
delays are pregnant women. Although Rwanda’s maternal mor¬ 
tality rate has declined by more than two-thirds since 2000, an 
improvement linked to increases in contraceptive use and a move 
away from home births, complications of childbirth remain a 
leading cause of death. The World Health Organization estimates 
that Rwanda has one maternal death for every 344 live births, 20 
times the rate in the United States and 97 times the rate in the 
top-performing countries in Europe. More than half of mater¬ 
nal deaths occur after childbirth, and 26 percent are the result 
of hemorrhaging. Faster, more reliable access to blood could 
help reduce this number, along with lives lost to accidents and 
malaria-induced anemia, which is common in small children. 

Kabgayi, one of Rwanda’s largest district hospitals, faces a 
higher blood demand than most. The colonial-era facility, several 
aging brick buildings on the site of a former Catholic mission, 
uses up to 100 units per month, according to Kajibwami, the for- 
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Transporting water near Kigali. ► 


mer medical director. Roughly half of that 
demand comes from the maternity ward, 
which recorded more than 4,600 births 
in 2016. The hospital’s high volume of 
patients was evident on a February morn¬ 
ing from the crowd that sat on wooden 
benches in its open-air reception area: 
women in colorful patterned dresses, men 
in fraying jackets, uniformed schoolchil¬ 
dren, and even a small group of prisoners 
dressed in pink and orange smocks. 

Although many Kabgayi patients 
come from hard-to-reach surrounding vil¬ 
lages, the hospital itself, which sits just off 
a well-maintained paved road to Kigali, 
isn’t difficult to access. The facility is also 
too close to Zipline’s distribution center 
for drone deliveries to make much sense 
absent plans to scale up to other hospitals: 
if its drones failed to function properly, 
the company reckoned when selecting 
Kabgayi as its inaugural site, it could still 
deliver blood quickly by truck. Yet most 
of the facilities Zipline plans to service 
are considerably more remote. Personnel 
at Muhororo District Hospital—Zipline’s 
second pilot facility, which received its 
first drone delivery at the end of Febru¬ 
ary—could spend an entire day battling 
rutted dirt roads, and the occasional land¬ 
slide, to make a blood collection in Kigali. 

Zipline’s impact is hard to quantify. 
Difficulty accessing blood is not the only 
factor inhibiting effective care: physi¬ 
cians and other skilled personnel are in 



44 





45 









MIT TECHNOLOGY REVIEW 

VOL 120 | NO. 4 


TECHNOLOGYREVIEW.COM 


A Zipline technician 
checks a drone during ^ 
preparations for flight. 
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L: Prosper Uzabakiriho inspects a 
blood sachet after retrieving it in 
its cardboard delivery box from the 
driveway of Kabgayi Hospital. 

R: After receiving a blood request, 

4 Zipline staff check the blood, its 
packaging, and a parachute made of 
wax paper and biodegradable tape 
before the package is loaded onto a 
drone for the five-kilometer flight to 
the hospital. 


The open-air waiting room at 
4 Kabgayi, one of Rwanda’s largest 
district hospitals. 


short supply, and many patients have trouble reaching medical 
facilities. A majority of pregnant women plan to deliver at less 
equipped, more remote health facilities that typically lack doctors 
or blood transfusion capabilities. Complicated births, therefore, 
are usually referred to hospitals—a process that can cause critical 
delays in treatment for which drones have no answer. 

Few inside Rwanda, a highly authoritarian state, dare to 
openly criticize the government or its programs. Yet many who’ve 
heard about the project are skeptical in private and question why 
authorities are investing in unproven high-tech gizmos when 
demand for fundamentals like ambulances and health workers 
still exceeds supply. To some critics, the project’s most important 
benefit could be the good PR it generates, which distracts from 
the Rwandan government’s spotty human rights record and the 
acute levels of poverty in much of the country. Rwanda, which 
is highly reliant on foreign aid, has long marketed itself as a 
regional hub of tech and innovation—an idea that remains more 
of an aspiration, and a strategy for generating outside interest, 
than a reflection of current reality. 

It doesn’t help that the project’s costs are not disclosed. Rwan¬ 
da’s government pays Zipline a fixed price per delivery, with a 
minimum volume guarantee, but neither will divulge the terms. 
Hetzler admits that deliveries by drone, for now, are more expen¬ 
sive than standard trips by road. Still, he argues, this cost will be 
offset if Zipline makes possible afar more agile supply chain—for 
blood as well as more durable products like medicines—in which 
fewer items must be kept at last-mile facilities, minimizing waste 
and more effectively preventing stock-outs. As a general rule, per- 
delivery costs should decrease as flight volume expands. Bruce 
Y. Lee, a professor at the Johns Hopkins Bloomberg School of 
Public Health who led a research team last year that simulated 
a drone-based vaccine supply chain in Mozambique, says drones 
“certainly have the potential to both decrease costs and increase 
demand fulfillment,” depending on the frequency of flights, the 
distances traveled, and the speed of trips on local roads. 
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In Zipline’s case, better logistics also mean that facilities can 
access products with shorter shelf lives or unique storage require¬ 
ments. In addition to blood units of all types, Zipline’s existing 
service offers platelets, fresh frozen plasma, and cryoprecipitate, 
all of which promote blood clotting and were previously under¬ 
utilized because they were too difficult to store at health facilities. 

A fuller picture of Zipline’s impact on Rwanda will probably 
not take shape for some time. After commencing operations at 
Muhororo and five additional sites, the company is working to 
begin deliveries at the 14 other planned facilities by the end of 
this year. In addition to introducing new products, Zipline plans 
to build a second distribution center in the country’s east. This, 
together with future-generation drones expected to have longer 
ranges, would enable it to cover all of Rwanda except Kigali, 
where products are stocked in sufficient quantities already. 

Additional countries are also in the pipeline. According to 
Hetzler, a “long list” of governments have expressed interest in 
Zipline’s technology, and the company has already etched agree¬ 
ments with Tanzania’s Ministry of Defense and Civil Aviation 
Authority that would enable it to launch there next. To finance 
its expansion, Zipline raised $25 million last summer, bringing 
its total capital raised to $43 million. Still, it is choosing its next 
locations carefully, with a priority given to countries that offer a 
chance for social impact and are willing to make necessary reg¬ 
ulatory changes and a firm financial commitment. Eventually, 
Zipline also aims to operate in wealthier countries, including the 
United States, where regulations currently restrict drone flight 
to within an operator’s visual line of sight absent special review. 

Back at Kabgayi Hospital, health workers say the service has 
already helped. Inside the modern laboratory building, where 
blood is refrigerated in a small, ceramic-tiled room, Prosper 
Uzabakiriho, a white-coated lab technician, says that cutting 
back on lengthy road trips to Kigali has allowed many patients 
to be treated more promptly and freed up time for staff to per¬ 
form their duties. At the time of my visit in mid-February, the 
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facility had received an average of 11 deliv¬ 
eries per week since the start of the year 
and was entirely reliant on Zipline for 
blood products during normal business 
hours. By late May that had climbed to 
20 per week, including weekend deliver¬ 
ies. Rwanda’s civil aviation authority has 
not yet given it the go-ahead to operate 
at night, so Kabgayi will continue to rely 
on its former blood supplier in Kigali for 
emergencies after hours. (According to 
the Ministry of Health, the country’s five 
existing blood depots, which also serve as 
centers for blood donation, will remain in 
operation even as Zipline scales up.) 

The surgeon Kajibwami credits the 
service with helping him respond to one 
particularly urgent case: a woman who 
began hemorrhaging after surgery to 
remove an ectopic pregnancy. The ensu¬ 
ing operation, which entailed a partial 
hysterectomy, required six units of blood, 
more than Kabgayi had in stock, and thus 
an urgent call was made to Zipline. The 
doctor cannot say whether the patient 
would have died in other circumstances. 
Still, he’s grateful for the timely delivery. 
“It was very bad,” he says of her condi¬ 
tion. “It would have been very difficult to 
manage it.” H 


Jonathan W. Rosen is a journalist report¬ 
ing from sub-Saharan Africa. He wrote 
about e-commerce in Ghana for the Janu¬ 
ary/February issue. 



50 




TECHNOLOGYREVIEW.COM 


MIT TECHNOLOGY REVIEW 

VOL 120 | NO. 4 



51 





Q+A 


£ 


Ya-Qin Zhang 


The 

President 
of Search 
Giant 
Baidu Has 
Global / 
Plans 






Ya-Qin Zhang expects investments 
in artificial intelligence and other 
technologies to help turn his 
company into a global leader. 



By Tom Simonite 
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Google and Facebook are household names around the 
world. Baidu? Not yet. Ya-Qin Zhang, president of China’s 
leading search business, says Chinese companies can 
become worldwide Internet powerhouses too. One of the 
biggest fish in China’s market of 730 million Internet users, 
Baidu is trying to open new revenue streams both domestically 
and abroad by investing heavily in artificial intelligence. 

The company employs more than 1,700 Al researchers, 
including some at a Silicon Valley research center opened 
in 2014, and was chosen by the Chinese government to 
run a new national lab intended to make the nation more 
competitive in machine learning. Zhang even predicts that the 
self-driving cars Baidu is developing might be in widespread 
public use before those introduced by U.S. competitors. 


Domestically, revenue growth in its existing search and 
ads business wilted in 2016 as smartphone sales slowed 
in China and rivals including Tencent, owner of the popular 
mobile messaging and e-commerce platform WeChat, 
closed in. 

Baidu’s reputation and ad business were damaged as 
well by a scandal in which a student died from cancer after a 
sponsored result displayed by the company’s search engine 
led him to expensive and questionable treatment. 

Zhang, who previously led Microsoft’s research and 
business operations in China, took time out from meeting 
staff at Baidu’s U.S. R&D center in Silicon Valley to meet with 
MIT Technology Review's San Francisco bureau chief, Tom 
Simonite. An edited version of their interview is below. 


You say that Baidu already has more than a dozen mobile 

apps used by 300 million people outside China every month. 

What is your strategy for other markets? 

We are very focused on mobile. Our apps are popular in India, Brazil, 
parts of Southeast Asia like Indonesia. Those are places where the 
market is very similar to China, but maybe [China as it was] a few 
years ago—large populations that are mobile-centric. And that gives 
an advantage over U.S. companies. 

Will you offer products in the U.S.? 

While we have over 20 million users in the U.S., our focus is on R&D and 
talent. Right now PhDs from the best Chinese universities are on par with 
the top U.S. graduates. We have a lab here in the U.S. because we also 
need more senior talent. The Al team in the U.S. has already developed 
a new speech-recognition system that is playing a role in our product. 

You have spent a lot on artificial-intelligence research. How 

does that translate into new revenue? 

Al will be like electricity, in that it will drive a lot of new busi¬ 
ness to many industries. We have built a platform we and part¬ 
ners can build on to offer services in anything—health care, 
education, logistics. As one example, we have a new partnership 
with Bosch around using our high-definition maps for autonomous 
and semi-autonomous cars. Many of these [services] will prob¬ 
ably be bigger than search, which will continue to be our core 
business for many years and is also being transformed by Al. 

Your chief scientist Andrew Ng. who previously helped 

establish Google’s machine-intelligence research, left the 

company recently. Is this a long-term setback? 

Andrew is a great guy, and it’s a loss to Baidu here in the U.S. and 
to the wider company. But he built a large Al team with a lot of tal¬ 
ent, and Baidu has a very deep bench of leaders. Even in the U.S. 
3 labs, more than 60 percent of employees—on autonomous driv¬ 
es ing, security, our advertising platform—worked for somebody else. 


Why would top talent in artificial intelligence want to work 

for Baidu’s U.S. lab over that of an American company? 

We allow researchers and engineers to make a bigger impact with 
their work. You get to be part of the two most exciting and dynamic 
technology ecosystems on Earth: Silicon Valley and the Internet 
economy of China. The Chinese market gives researchers access 
to a massive amount of data and a consumer base incredibly quick 
to adopt new technology. 

Baidu is developing and testing autonomous cars in both 

the U.S. and China. The leading projects in this area are 

almost all based in the U.S. Where will this technology be 

commercialized first? 

In China the roads and traffic are more complex than in the U.S. 
But the first batch of applications will be in restricted areas, and it 
could be easier in China because regulators are more flexible and 
open-minded. Mayors of many different places want us to try on 
their roads and are willing to build out special areas for us. A cou¬ 
ple of major ports in China want to use our technology on trucks. 

Are there areas where you are ahead of U.S. competitors? 

I think we deploy new algorithms into our products much faster. The 
Chinese market is hypercompetitive, and to avoid being beaten by 
competitors, the cycle of [translating new technology into prod¬ 
ucts] is much shorter than in places like the U.S. Startups in China 
are even faster than us at making new Al algorithms into products, 
and that’s something to look out for. 

How are Chinese tech companies doing overseas so far? 

We’re all just beginning. None of the biggest Chinese Internet com¬ 
panies has proven success outside of China, but I think in the next 
five years, 10 years, you will see those companies become global. 
Alibaba, Tencent, Baidu, and others—we are all deploying teams 
and building up talent. Next will come more products and many 
more users. 
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It Pays to Be Smart By David Rotman 


Superstar companies are dominating the 
economy by exploiting a growing gap in 
digital competencies. 


C 



Our economy is increas- 

ingly ruled by a few domi- 
iiipfit limns. We see them 
everywhere, from established 
giants Amazon, Facebook, 
Google, Apple, and Walmart 
to fast-growing newcomers 

There have always been 
large companies and out¬ 
right monopolies, but there’s 
something distinctive about 
this new generation of what 
some economists call super- 
star companies. They appear 
across a broad range of 
business sectors and have 
gained their power at least 
in part by adeptly anticipat¬ 
ing and using digital technol- 
it foster conditions 
w winners essen- 



nual list of the 
Sm^lest Companies 
ny of these firms, 
merely a list of 
.Qimoslprof- 
itable players. It highlights 
technologically innovative 
companies whose business 
models allow them to exploit 
these advances. The list is 
our best guess as to which 
firms will be the dominant 
)mpanies of the future, 
nazon and Facebook and 
Google are on it, but so 



Being smart about innovation won’t guarantee that 
these firms become superstars. But it does, at 
least, give them the potential to create and domi¬ 
nate new markets in an increasingly competitive 
business environment. 

The emergence of superstar companies has, in 
many ways, helped to define our era. Digital giants, 
in particular, have cleverly leveraged the Internet, 
so-called network effects, and big data to become 
hugely profitable while providing indispensable ser¬ 
vices—like free Web search and easy online shop¬ 
ping—and devices that have changed our lives (see 
“Why Tesla Is Worth More Than GM,” page 28). 

But Internet companies aren’t the only ones to 
become superstars. According to recent research 
by economists at Harvard and MIT, the share of 
sales by superstar companies—which the authors 
define as the four largest firms in a given industry— 
has gone up sharply in all the sectors they looked 
at, from transportation to services to finance. The 
trend toward superstar firms is accelerating, says 
Lawrence Katz, a Harvard economist and coauthor 
of the study. It has become more uniform across 
industries and developed economies during the 
past decade or so. These companies’ dominance 
is particularly strong in markets undergoing rapid 
technological change. Katz says that’s probably 
because of the wide disparity in how well com¬ 
panies take advantage of new advances. In other 
words, you have to be the smartest company in 
your field or you might as well not bother. 

In itself, that might not be bad. But the authors 
identified a deeply troubling result of an economy 
where just a few top-tier companies dominate. 
One of the economic truths of much of the 20th 
century was that the portion of the country’s over¬ 
all income that went to labor was constant; as 
the economy grew, workers got a proportionate 


are plenty of newcomers. 

y might be unfa- 
u today, we believe 
an inside track to 
dvantage of the tech- 
such as artificial 
intelligence, that will define 
business in the coming years. 


share of that growing pie. But labor’s share of the 
national income has been shrinking over the past 
few decades. This is true in many countries, and 
the decline speeded up in the United States in the 
2000s. 

The trend puzzles economists. Some suggest 
it reflects the rise of cheap robots that can do 
the jobs of human workers, but the data isn’t con- 
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vincing. Instead, Katz and his coauthors blame 
the emergence of the superstar companies. As 
these companies grow and become more effi¬ 
cient and more adept at using digital technologies, 
they need fewer workers relative to their soaring 
revenues. The fact that these labor-frugal firms 
have so much of the market share in their sectors 
means labor gets a smaller portion of the nation’s 
overall income. 

Compounding the problem is that superstar 
companies, which desire the best possible talent, 
tend to pay much better than anyone else. This 
dynamic is deepening the divide between the coun¬ 
try’s economic winners and losers. Nicholas Bloom, 
an economist at Stanford, and his colleagues have 
shown that about one-third of the growth in U.S. 
income inequality since 1980 can be explained by 
the disparity between the pay premiums of a few 
elite companies and the salaries most workers 
earn. Fewer and fewer people—mostly a select 
group of highly trained professionals—are enjoying 
the vast profits generated by these top companies. 


THE WIDENING GAP BETWEEN FRONTIER FIRMS AND LAGGARDS CAN BE SEEN IN 
THE PERCENTAGE INCREASES IN LABOR PRODUCTIVITY SINCE 2001 


MANUFACTURING 


SERVICES 




2001 2005 2009 2013 


Frontier firms are 
the 5 percent of 
companies with the 
highest productivity 
within each industry; 
laggards are the rest 
of the industry. Data 
is from 24 OECD 
countries. 


It is “certainly a big part of the [economic] anxiety” 
that is plaguing the country, Katz believes. 

The rise of the superstar companies also 
might help explain another disturbing economic 
trend. Despite the proliferation of impressive new 
advances in software, digital devices, and arti¬ 
ficial intelligence over the last decade and the 
great profits generated by Silicon Valley, economic 
growth in the United States and other developed 
countries has been sluggish (see “Dear Silicon Val¬ 
ley: Forget Flying Cars, Give Us Economic Growth,” 
July/August 2016). In particular, an economic mea¬ 
sure called total factor productivity, which is meant 
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to reflect innovation, has been dismal (see “Tech 
Slowdown Threatens the American Dream,” M» 


June 2016). How can overall growth be so lacklus¬ 
ter while the high-tech sector is booming? 

Economists with the Organization for Eco- 
nomic Cooperation and Development think they 
have found the answer. It turns out that productiv¬ 
ity at the top companies in various sectors—what 
the OECD economists call the frontier firms—is 
growing robustly. These are the companies making 
the best use of the Internet, software, and other 
technologies to streamline their operations and 
create new market opportunities. But most cqm| 
panies aren’t actually harnessing new technologies 
very effectively. And the relatively poo 
tivity of these laggards, says OECD economist 
Dan Andrews, is dragging down the overall econ¬ 
omy. “Technologies are increasingly complex 
many firms may lack the competencies to j 
suggests Andrews, coauthor of the OECD : 
which looked at the United States and 23 otT 
developed countries. 

In some ways the OECD findings are enc2 
ing, because they demonstrate that recent inno¬ 
vations do—in the hands of top companies—have 
the potential to strongly improve productivity. But 
surprisingly, says Andrews, the laggards seem to 
be making little progress toward catching up; new 
ideas and business practices aren’t trickling down 
as rapidly as they should. The reason isn’t entirely 
clear, he says. But it seems that the economy is 
less dynamic and efficient at “dispersing” new 
technologies than we might think. 

Such findings help drive home the importance 
of the 50 Smartest Comnanjas^lisi^Bie^aasured.^ 
there are no laggards on it. But the research by 
Andrews and others also shows why we need a 
better business climate—one that allows more 
startups and fresh ideas to thrive. Today’s giant 
companies are pulling ahead, and a dwindling num¬ 
ber of individuals are reaping the financial rewards. 
There is nothing inevitable about that trend. The 
advent of complex technologies such as artificial 
intelligence, which will be critical to future busi¬ 
ness success and are tricky t o un derstand and 
master, could widen the gajb further. They could 
also provide ample opportunities for new compa¬ 
nies to create markets that don’t even exist tc 
We do need companies to aggressively push 
frontiers of innovation. Still, as we celebrate < 
Smartest Companies, it is worth keeping in 
the importance of distributing know-how, anc 
wealth it produces, more broadly. 




































50 Smartest Companies The List 


1. Nvidia 


5. Alphabet ESI 9. Regeneron 


Still improving its 
chips, originally 
developed for 
gaming, to help 
develop breakthrough 
technologies like 
deep learning and 



Continues to dominate 
research into Al while 
expanding innovation 
in smartphone 
software, virtual reality, 
and self-driving cars. 

40 percent: amount of 
energy the company 
says it saves applying 
machine-learning 
algorithms from its 
DeepMind subsidiary 
to cooling its data 
center 


Changing tn^ econom¬ 
ics of space travel with 6. iFlytek 


Biotech with a 
strong drug pipeline 
and track record 
is treating eye and 
other diseases, and 
testing treatments for 
rheumatoid arthritis, 
asthma, and pain. 

500,000: number of 
U.K. volunteers whose 
genetic data it is 
helping sequence 

10. Spark 
Therapeutics 



of rockets to be recy¬ 
cled for multiple trips. 

10 percent: discount 
being considered for 
customers who agree 
to use reused rockets 


Creating an 
Al-powered store 
of the future w th 
Amazon Go while 


expanding assistar 

Alexa into phones, 
cars, and mop. 


Its voice assistant 
technology is the 
Siri of China, and its 
real-time portable 
translator puts Al 
to remarkable use, 
overcoming dialect, 
slang, and background 
noise to translate 
between Chinese 
and a dozen other 
languages with 
surprising accuracy. 

70 percent: iFlytek’s 
share of China’s 
market in voice-based 
chnologies 

KitePharma 

aring FDA approval 
its experimental 
immunotherapy that 
;es a patient’s own 
blood cells to combat 


31 percent: proportion 
of study participants 


ITS Dlinansss treatment 

could be the first gene 
therapy approved in 
the U.S. to treat an 
inherited disease. 

1 in 30,000: estimated 
number of individuals 
affected by the disease, 
Leber hereditary optic 
neuropathy 

11. Face ++■ 

Pioneering new uses 
of face recognition 
technology, from 
helping to solve fraud 
to “smile to pay.” 

106: maximum points 
on a person’s face that 
its technology tracks 

12. First Solar 

Making advances in 
cadmium telluride 
cells; building three of 
the five largest solar 
projects in the U.S. 


lillion: estimated 
venue 



Vindicated this year 
when the U.S. FDA 
granted permission to 


Turning its insanely 


tell custome^Twfietner popular chat: plaliorm 

their DNA puts them WeChat into a virtual 
at higher risk for some operating system 


diseases. 


lumber 

ho 


1 million plus: nui 

of customers wl 
have consented to 
have their genetic 
information used for 
scientific research 


featuring mini 
programs. 

50 percent: proportion 
of WeChat’s 770 
million daily users on 
the service at least 90 
minutes a day 


Acquisitions in 
computer vision and 
Al show it’s serious 
about adapting to new 
technology. 

46 percent: portion of 
revenues derived from 
areas beyond PC chips 


14. Quanergy 

Systems 

Its solid-state version 
of lidar is cheaper 
and more compact 
than conventional 
versions of a 
technology essential 
to autonomous driving. 

$250: price of its 
S3 lidar sensors for 
autonomous vehicles 


15. Vestas Wind 

Systems 



Overtook General 
Electric to become the 
biggest U.S. installer of 
new wind power last 
year and is investing in 
energy storage. 

14: consecutive 
number of profitable 
quarters 

16. Apple 

Minting money 
selling its popular 
mobile phones and 
laptops while adding 
impressive names to 
its Al research team 
and promising to do 
more manufacturing in 
the U.S.. 

$257 billion: cash on 
its balance sheet, more 
than the entire market 
value of General 
Electric 

17. Merck 

In a first, the FDA 
has approved its 
immunotherapy 
Keytruda to treat 
cancers on the basis 
of the tumor’s genetic 
characteristics, not its 
location in the body. 

$39 billion: estimated 
2017 revenue, buoyed 
by sales of Keytruda 


18. Carbon ^^3 

Its novel 3-D-printing 
process permits 
fabrication of parts 
out of a wide variety of 
plastics. 

100,000: number of 
pairs of shoes Adidas 
will print by the end 
of 2018 using Carbon 
technology 

19. Desktop Metal 

With nearly $100 
million from VC firms, 
GE, Alphabet, and 
others, this startup is 
focused on cheap, fast 
3-D printing of metal 
parts. 

$120,000: cost of its 
first product, to begin 
shipping in September 

20. lonis 

Pharmaceuticals 

RNA drug approved 
for a rare disease, 
spinal muscular 
atrophy. 

36 plus: number of 
RNA-targeted drugs in 
development 

21. Gamalon 

Its technology can 
write and rewrite its 
own code, algorithms 
that will accelerate 
machine learning. 

100 times: its 

technology’s efficiency 
advantage over other 
machine-learning 
methods 

22. Mlumina 

After a drop in sales 
last fall, unveiled a new 
machine, NovaSeq, 
that will be capable of 
sequencing 48 entire 
human genomes in 
two and a half days 
— and could one 
day push the cost of 
genome sequencing 
down to $100. 

$850,000: price of 
the cheaper of its two 
NovaSeq models 


23. Facebook 

Despite controversies 
over fake news, live 
streaming video, 
and discriminatory 
advertising, and poor 
sales of its Oculus VR 
headset, it continues 
to work on interesting 
applications of Al and 
VR, and its Instagram 
business is singing. 

20: number of 
natural-language data 
sets built into its Al 
research tool ParlAI 

24. lldacity 

Flas found a business 
model for MOOCs 
by working with 
corporations to make 
course material 
relevant to jobs; now 
connecting companies 
to students and 
graduates, too. 

15: number of 
“nanodegrees" the 
company offers in 
skills for selected jobs 

25. DJI 



Ongoing innovation in 
consumer drones and 
now expanding into 
drones for enterprise 
as well. 

50 percent: estimated 
North American market 
share 

26. MercadoLibre 

Runs the largest 
online market in 
Latin America and 
is expanding to 
mobile point-of-sale 
transactions. Its 
MercadoPago online 
payment tool lets 
users deposit cash 
into their accounts. 

182 million: number of 
registered users, a 20 
percent increase over 
the previous year 
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27. Microsoft 

Its fast-growing cloud 
business has reduced 
the software giant’s 
reliance on PC sales. 
Its expanding team of 
quantum computing 
experts is working on 
commercially viable 
products to compete 
with efforts by Google 
and IBM. 

■S Microsoft 

$15 billion: projected 
annual revenue for its 
commercial cloud 
business 

28. Rigetti 

Computing 

Though a startup, 
it’s got its own fab 
in the Bay Area 
and an ambitious 
approach to quantum 
computing that 
combines hardware 
and software, focusing 
on design that can be 
easily commercialized. 

$64 million: venture 
funding raised by the 
company in the past 
year 

29. Kindred Al 

Combining strengths 
of humans and robots 
into exoskeleton suits 
in a bid to help people 
and machines work 
together. 

Immersive 
teleoperation: the 

type of technology 
the company makes, 
in which a human 
controls a robot via a 
wearable device 

30. Sophia Genetics 

Evangelists of data- 
driven medicine 
are sorting through 
DNA sequences 
with Al algorithms to 
accelerate diagnosis in 
oncology, cardiology, 
and more. 

106,000: number of 
patients tested to date 


31. Tesla 

Autopilot limitations, 
car maintenance 
problems, and 
concerns about its 
solar strategy and 
ability to produce 
enough cars have hurt, 
but cofounder Elon 
Musk continues to 
take big bets. Battery 
cell production has 
begun at his giant 
Nevada “gigafactory.” 

400,000 plus: number 
of preorders for its 
lower-cost Model 3 

32. Oxford 



Twelve years and 
$200 million in 
the making, its 
inexpensive, portable 
genetic analyzer has 
been successfully 
tested from Antarctica 
to space and shows 
promise for on-the- 
spot diagnostic 
testing, germ 
monitoring, and more. 

882,000 letters: 

record length of a 
single DNA strand read 
continuously by one of 
its machines 

33. Foxconn 

Acknowledging the 
direction of Chinese 
manufacturing by 
shifting from low-cost 
human labor to add 
extensive robotics to 
its factories. 

60,000: number 
of jobs automation 
eliminated at a single 
Chinese factory 

34. M-KOPA 

Its pay-as-you-go 
solar power model 
works well in its 
African target market, 
and the company is 
expanding sales with 
local communications 
leader Safaricom. 

500,000: number of 
homes connected as 
of this spring 


35. ForAIISecure 

Still in startup mode 
but has garnered 
attention since last 
August, when it 
won the Pentagon’s 
DARPA contest with 
a bot designed to 
autonomously spot, 
test, and fix software 
security flaws. 

14: number of 
vulnerabilities one 
experiment discovered 
in networking devices 

36. Flipkart 

Benefiting from the 
consolidation of 
India’s competitive 
e-commerce sector, 
including $500 million 
investment from eBay. 

$11.6 billion: 

company’s current 
valuation, the highest 
for any Indian 
e-commerce startup 

37. Bluebird Bio 


Leading gene-therapy 
company focused 
on engineered T 
cells that recognize 
and kill cancer and 
other conditions. Its 
treatment for sickle¬ 
cell disease appears 
promising. 

66: percentage 
increase in stock price 
over the past year 

38. Adidas 



Commercial produc¬ 
tion at its robot-heavy 
factory in Ansbach, 
Germany, to begin this 
year, producing locally 
and on demand. A 
second factory has 
been announced in 
Atlanta. 

300 million: number of 
pairs of shoes Adidas 
makes each year, 
largely in Asia 


39. IBM _ QtJ 

Exploring new 
technologies like 
blockchain and cloud 
Al while continuing 
work on important 
long-term challenges 
like quantum 
computing. 

400: number of 
customers the 
company has worked 
with on blockchain 
applications 

40. General 

Electric _ Ifttl 

Moving to incorporate 
Al into its businesses 
as it focuses on tech¬ 
nological innovation in 
wind and renewable 
energy, data-driven 
services, and other 
business lines. 

60,000: number of jet 
engines GE says will 
be connected to the 
Internet by 2020 

41. Alibaba 

Quickly expanding the 
artificial intelligence 
in its Alibaba Cloud 
platform, including 
industry-specific 
products, and 
launching a global 
electronic trade 
platform to build its 
business with small 
and medium-size 
companies around the 
world. 

57 percent: Alibaba’s 
share of Chinese 
online commerce 

42. HTC 

Despite some 
executive turnover 
and a tough year 
financially, the 
company has 
interesting prospects 
in virtual reality and 
access to China’s 
enthusiastic VR users. 

1,500: number of 
pieces of content 
outside developers 
have created for its VR 
system, Vive 


43. Blueprism 

Its software helps 
companies including 
banks and insurers 
use Al to do back- 
office clerical tasks. 

189: number of deals 
signed by the company 
in 2016, more than four 
times its 2015 number 

44. Africa Internet 

Group 

The online platform 
has consolidated all 
its consumer Web 
services—shopping, 
travel, food delivery, 
real estate sales, car 
rentals—under one 
name, Jumia. 

500,000: number of 
African companies that 
use Jumia’s platform 

45. Veritas Genetics 

Launched by well- 
regarded researchers 
and funded with 
venture capital backed 
by Chinese and 
U.S. pharmaceutical 
companies, it will 
sequence anyone’s 
genome for just 
$1,000 and interpret 
it too. In 2017, started 
offering to sequence 
newborns in China. 

1,250: number of 
conditions, risks, and 
traits it will tell parents 
about in their newborns 

46. Daimler 

Delivering the first 
run of its short-haul 
all-electric truck this 
year while working on 
vehicle connectivity 
and autonomous 
driving for cars. 



200 kilometers: range 
of its lithium-battery- 
powered eTruck 


47. Salesforce 

Looking to push 
Al-generated tools, 
such as an algorithm 
designed to summarize 
documents, to its 
massive user base. 

20 percent: market 
share in customer 
relationship software 

48. Snap 



Though its glasses 
have not been a run¬ 
away hit, it is succeed¬ 
ing with entertainment 
through its filters and 
pioneering the use of 
machine vision and 
augmented reality for 
socializing. 

3 billion: number of 
snaps users create 
each day 

49. Ant Financial 

Its Alipay business, 
dominant in China, is 
eyeing new markets, 
including India and 
Korea. Meanwhile, 
it’s exploring Al 
as a means of 
underwriting loans, 
and blockchain as a 
method of improving 
security in back-office 
operations. 

450 million: number 
of annual active users 

50. Baidu 

Despite the high- 
profile loss this year 
of its well-regarded 
head of Al, Andrew 
Ng, the company 
is doing important 
work in the field, 
including leading 
China’s new national 
deep-learning lab. 

1,700: number of 
employees dedicated 
to working on AI 
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The company thinks it can wrest the cloud computing 
market away from Amazon by helping companies make 
use of machine learning. 

By Tom Simonite 


Early in 2015. artificial-intelligence 

researchers at Google created an 
obscure piece of software called 
TensorFlow. Two years later the tool, 
which is used in building machine¬ 
learning software, underpins many 
future ambitions of Google and its par¬ 
ent company, Alphabet. 

TensorFlow makes it much easier 
for the company’s engineers to trans¬ 
late new approaches to artificial intel¬ 
ligence into practical code, improving 


services such as search and the accuracy of speech recognition. But just months 
after TensorFlow was released to Google’s army of coders, the company also 
began offering it to the world for free. 

That decision could be seen as altruistic or possibly plain dumb, but nearly two 
years on, the benefits to Google of its great Al giveaway are increasingly evident. 
Today TensorFlow is becoming the clear leader among programmers building new 
things with machine learning. “We have significant usage today, and it’s acceler¬ 
ating,” says Jeff Dean, who led TensorFlow’s design and heads Google’s core 
artificial-intelligence research group. Once you’ve built something with TensorFlow, 
you can run it anywhere—but it’s especially easy to transfer it to Google’s cloud 
platform. The software’s popularity is helping Google fight for a bigger share of 
the roughly $40 billion (and growing) cloud infrastructure market, where the com- 
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pany lies a distant third behind Amazon 
and Microsoft. 

The head of Google’s cloud busi¬ 
ness, Diane Greene, said in April th 
she expects to take the top spot withi 
five years, and a core part of Google’: 
trategy for catching up il^fo^Dpeal to 
ipe sudden enthusiasm about artificial 
telligence in industries from health 
hre to autos, cdmmnies investing im tic 
he technology are expected to spend Toronto,< 
heavily with cloud providers to avoid turerMicI 
the costs and complexity of building 


TensorFlow is far from the only tool out there for building machine-learning 
software, and experts can argue for hours about their individual merits. But the 
weight of Google’s brand and its technical advantages make its package stand out, 
says Reza Zadeh, an adjunct professor at Stanford. He originally built his startup 
Matroid, which helps companies create image recognition software, around a com¬ 
peting tool called Caffe, but he dumped it after trying TensorFlow. “I saw it was 
ry clearly superior in all the technical aspects, and we decided to rip everything 



out,” he 
Goo< 
tion of 


ays. 



pponri all tl 


is also becoming 


and running Al themselves, just as they 
pay today for cloud hosting of e-mail 
and websites. Customers like insurer 
AXA—which used TensorFlow to make 
a system that predicts expensive traf¬ 
fic accidents—also get the benefits of 
the same infrastructure Google uses to 
power their own products. Google says 
that means better performance at com¬ 
petitive prices. S. Somasegar, a manag¬ 
ing director at venture fund Madrona 
who was previously head of Microsoft’s 
developer division, says TensorFlow’s 
prominence poses a genuine challenge 
to Google’s cloud rivals. “It’s a fantastic 
strategy—Google is so far behind in 
cloud, but they’ve picked an area where 
they can create a beachhead,” he says. 

Inside Google, TensorFlow powers 
products such as the Google Translate 
mobile app, which can translate a for¬ 
eign menu in front of your eyes when 
you point your phone at it. The company 
has created specialized processors to 
make TensorFlow faster and reduce 
the power it consumes inside Google’s 
data centers. These processors pro¬ 
pelled the historic victory of software 
called AlphaGo over a champion of the 
ancient board game Go last year and 
are credited with making possible a 
recent upgrade that brought Google’s 
translation service close to human level 
for some languages. 


firmly lodged in the minds of the next genera- 
intelligence researchers and entrepreneurs. At the University of 
ph Al center that has schooled many of today’s leading researchers, lec- 
Tchael Guerzhoy teaches TensorFlow in the university’s massively oversub¬ 
scribed introd uctory m achine-learning course. “Ten years ago, it took me months 


to do something that for my students takes a few days with TensorFlow,” says 
Guerzhoy. 

Since Google released TensorFlow, its competitors in cloud computing, Micro¬ 
soft and Amazon, have released or started supporting their own free software tools 
to help coders build machine-learning systems. So far, says Guerzhoy, neither has 
as broad and dedicated a user base as TensorFlow among researchers, students, 
and working coders. Q 
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CEO Joseph DeSimone has taken 
a whole new approach to advanced 
manufacturing, and it’s working. 

By Katherine Bourzac 


A sleek mechanical arm plunges into 

a pool of what looks like milky gray ink 
in Carbon’s lab in Redwood City, Cali¬ 
fornia. The black arm slowly moves 
upwards, pulling a latticed plastic cube 
out of the bath, shiny and dripping with 
ink: a large-scale model of the porous 
structure of bone. 

Joseph DeSimone, Carbon’s CEO 
and cofounder, looks on. DeSimone, a 
polymer chemist, helped invent these 
machines, and he still gets a kick out 
of watching them work. It is a form of 
3-D printing, but it’s done in a novel way 
that is faster than previous techniques 
and works with many more types of 
plastics. The way the printer pulls the 
object smoothly from the pool of milky 
liquid, millimeter by millimeter, gives 
the illusion that an existing structure 
is emerging. In fact, the liquid is a light- 
sensitive precursor material; a digital 
projector is continuously projecting 


ultraviolet light onto the bottom of the lattice, the first of two steps that harden 
the material to form the plastic object. 

Using its process for rapidly printing objects with high-performance polymers 
like polyurethanes and epoxies, four-year-old Carbon is pursuing an approach fun¬ 
damentally different from other methods of 3-D printing, which put down layers of 
plastic one at a time. That limits the quality of many 3-D-printed products, but Car¬ 
bon fabricates an object in a continuous process, avoiding some typical problems. 
DeSimone say his technology enables Carbon to print polymer objects rapidly, in 
some cases thousands of times faster than other 3-D printers, and use a wider 
range of materials, including rubber-like elastomers and durable, hard plastics. 

Technology for 3-D printing has been around since the 1980s; fans have been 
intrigued by the potential to easily generate objects with complex structures 
that can’t be made using other techniques, and to personalize objects like medi¬ 
cal devices or apparel as easily as different images can be printed on a piece of 
paper. However, two challenges have kept 3-D printing a niche technology: its 
slow speed and the limited range of materials for which it’s been suited. Recently, 
companies like HP, which sells 3-D printers to fabricate high-strength nylon parts, 
and Desktop Metal (see “The 3-D Printer That Could Finally Change Manufac¬ 
turing,” May/June), whose machine uses various metal alloys, have attempted to 
make the technology more relevant for manufacturing by increasing its speed 
and using industrially desirable materials. Carbon joins this increasingly crowded 
field. Backed with $222 million from investors including GE Ventures and Alpha¬ 
bet’s Google Ventures, the company has created a process it calls “digital light 
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synthesis” rather than 3-D printing, a 
way of alluding to its novel chemistry. 

Adding credibility to DeSimone’s 
claim that 3-D printing is finally ready 
to mass-manufacture customized parts 
is Carbon’s growing list of paying cus¬ 
tomers. “The volume and speed we can 
achieve with Carbon’s pioneering digital 
light synthesis is unprecedented,” says 
Paul Gaudio, the global creative director 
of Adidas. “It’s almost magical.” Adidas 
tried other 3-D printers as it sought to 
make customized shoes for the mass 

market, but none of them could operate 
at large scale. Now it will use Carbon’s 
technology to manufacture elastomer 
midsoles for athletic shoes, starting 
with 5,000 pairs this fall and winter. 
The company hopes to print millions of 
shoes, including custom-tailored mod¬ 
els, by 2021. Other customers are tak¬ 
ing advantage of Carbon’s technology 
to print parts for electric motorcycles, 
server farms, and cooling systems, all of 
which have been difficult or impossible 
to make with other methods. 

Blending Polymers 

Before he founded Carbon in 2013, 
DeSimone spent more than 20 years 
as a polymer chemist at the University 
of North Carolina. In 2012, as 3-D print¬ 
ing was becoming popular with hack¬ 
ers using desktop models, he received 
a call from Alex Ermoshkin, a former 
employee of his lab and of a drug deliv¬ 
ery company DeSimone had started up 
in the early 2000s. Ermoshkin came 
to him with a business idea: would he 
be interested in starting a company to 
build cheaper 3-D printers? 

DeSimone, who had some experi¬ 
ence with the technology, was intrigued. 
He suggested that Ermoshkin do a pat¬ 
ent search to see what was missing 
in the field. Ermoshkin found many 
descriptions of ways to print three- 
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dimensional objects one layer at a time, some using UV light to link up chemical 
building blocks and harden them to form polymers. Stereolithography is one of 
the original 3-D-printing methods, but it has always been limited by the properties 
of such UV-curable plastics, which have not included durability or flexibility. Also, 
resulting products formed in layers tended to be weak. Stereolithography is useful 
for piaking prototypes, but not for final parts. What’s more, the printers were very 
slow, taking hours or even days to make large objects. 

The two began to think about how to print without stopping. They were inspired, 
DeSimone says, by the image of the T-1000 humanoid robot rising up out of a pool 
of metallic liquid to stand on two feet in the 1991 movie Terminator 2: Judgment 
Day. In the system that DeSimone and Ermoshkin imagined, light patterns would be 
projected into the bath, like images on a movie screen, as the printer arm moved 
up. As the light hardened the material, layers would form continuously. 

Among the tricky challenges the team had to solve was how to keep objects 
from sticking to the bottom of the bath. DeSimone came up with the solution: an 
oxygen-permeable window, which takes advantage of the fact that these types of 
UV-triggered reactions are stopped by oxygen. It’s a small detail, but a critical one. 

Carbon’s vice president of materi¬ 
als, Jason Rolland, says the company has 
focused on overcoming the limitations of 
UV-curable polymers, developing blends 
that offer a wide range of properties. The 
system can now print with 12 classes of 
materials—some durable, some stretchy or 
squishy, some able to bear heavy weights. 
One, a cyanate ester that can withstand 
temperatures up to 220 °C, is suitable for 
making automotive and aerospace parts. 
Another class, elastomers, includes the 
squishy materials Adidas is using. DeSimone 
foresees “an app store for resins” from 
which the company’s customers can order 
to print what they need. 



Scaling Up 

Carbon worked with Adidas on 150 different iterations of the elastomer in its new 
shoe, which uses a printed midsole with a lattice structure. The structure’s mechani¬ 
cal properties can be tailored by changing the pattern of the lattice’s holes and 
struts, bringing personalization to a mass scale. 

In Carbon’s lobby, a large display screen shows the operating status of all its 
printers, both on site and with customers. The company sells the devices on a 
subscription model and then works with customers to select the right materials 
and designs. Every six weeks or so, Carbon sends out software updates based 
on what it is seeing in the field—a tactic inspired by Tesla, the former employer of 
Carbon’s VP of engineering, Craig Carlson. Carbon is now designing machine-learn¬ 
ing software to help generate the optimal printing design and parameters for any 
given product. “We want to see the problems before we print,” DeSimone says. H 
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The Adidas Futurecraft 4D includes midsoles printed by Carbon. 
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A British company bets a hand-held analyzer 
will change how we look at DNA. 

By Antonio Regalado 


Last June, a British-Brazilian scien- 

tific team boarded a bus that had been 
turned into a makeshift laboratory and 
headed out to tour six cities across 
northeastern Brazil. 

The researchers were there to find 
mosquitoes infected with the Zika virus 
and sequence its genome in their blood, 


since the evolution of the viral genome contains clues to the epidemic’s origins. 
But rather than collect insects and send the samples back to a central lab, they’d 
outfitted the bus with everything they needed to do the research. The most impor¬ 
tant item: a DNA sequencer about the size and weight of a deck of cards that runs 
off a laptop USB plug and costs just $1,000. 

The instrument, called the MinlON, works by pulling DNA through around 500 
nanoscopic pores and reading it as it passes through by measuring an electrical 
signal produced by each nucleotide, or DNA letter. Oxford Nanopore Technologies, 
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a private British company that has spent 
12 years and about $200 million devel¬ 
oping the invention, foresees its cheap 
DNA sequencers providing a way to 
udy life in real time. Every living thing 
its own distinctive DNA, and being 
ible to read it provides a powerful tool 
to identify and profile microbes in great 
detail. In the last year, the same gadget 
has seen action in Antarctica to check 
for life in frozen valleys, on the Interna¬ 
tional Space Station to sequence genes 
in space for the first time, and deep 


able 


run them is currently about $3 billion a year, according to the consultancy DeciBio— 
roughly the amount that a single blockbuster drug brings in. The market is domi¬ 
nated by lllumina, a San Diego company whose top-of-the-line machine costs $1 
million, takes up as much space as a large filing cabinet, and weighs 498 pounds. 
It can decode 35 human genomes per week, at high accuracy, for less than $1,000 
apiece. In the hands of big academic centers and companies, these machines are 
powering genetic research into the causes of disease and, increasingly, the quest 
for new types of cancer diagnostics and prenatal tests. 

All those activities might one day be run instead using nanopore sequencing— 
or at least Oxford hopes so. Right now, the MinlON is a good way to identify and 
study bacteria and viruses. But last year, the first human genomes were sequenced 
on a MinlON as well. (It’s still a cumbersome process and not as inexpensive, how¬ 
ever-taking close to $20,000 worth of disposable cartridges at $500 each.) 


below the earth in a Welsh coal mine 
called the “Big Pit.” 

A central question for Oxford as 
a business is whether such portable 
sequencing is widely useful. Privately 
valued at around $1.5 billion, Oxford 
introduced the MinlON in 2014, but 
its sales remain negligible, at around 
$6 million last year, and the company 
sometimes gives away the supplies 
needed to run the instruhnenfrStllrft is 
betting that users of the device will cre¬ 
ate new applications, thereby expand¬ 
ing demand for the technology and 
allowing the company to conquer the 
broader sequencing market. 

Globally, the market for high-speed 
DNA sequencers and the chemicals to 


Three years ago, when Oxford began sending out the first MinlONs to select 
labs to try out, the devices’ performance was shaky at best. Early models were 
error prone and often didn’t work at all. But these early mistakes, Oxford says, 
were the price of a strategy to recruit tech-savvy biologists who have helped it 
improve the device, create buzz, and explore potential applications. And Oxford 
has been improving the MinlON rapidly—in two years, the device has become far 
more accurate and five times as fast. The DNA strands now barrel through each 
pore at 450 letters per second. And there’s headroom for further improvements. “I 
can see it happening. It’s developing by leaps and bounds,” says Benedict Paten, 
a bioinformatics expert at the University of Southern California. “I really believe 
they are about to dominate sequencing.” 

For now, the MinlON isn’t as fast or accurate as lllumina’s machines. But 
sequencing typically involves observing DNA with big, costly microscopes and 
elaborate chemistry. In nanopore sequencing, by contrast, DNA strands are sucked 
through minuscule ring-shaped biological pores borrowed from the surface of 
bacteria. As the strings of DNA letters—known as A, G, C, and T—pass through, 
each generates a faintly shifting electrical signal that’s usually strong enough to 
let the machine identify it. 



Top: Jaqueline Goes de Jesus of the Oswaldo 
Cruz Foundation and Nuno Faria of the University 
of Oxford use the MinlON sequencer in Joao 
Pessoa, Brazil, as part of a mobile study on the 
origins of the Zika virus. 
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Bottom: Bruna do Nascimento of the Evandro 
Chagas Institute in Brazil studies Aedes aegypti 
mosquitoes that spread Zika. 
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Above: The MinlONDNA sequencer weighs 100 
grams and is powered by a USB cord. 
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Left: Astronaut Kate Rubins sequences DNA 
aboard the International Space Station in 2016. 
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This April, Oxford flew many of 
its key users to London for its annual 
event, a kind of biological developers’ 
conference. At the conference, chief 
technology officer Clive Brown took the 
stage to alternately boast about and 
apologize for a parade of half-finished 
ideas for making the MinlON better and 
creating future products. 

Starting with what Brown now 
calls the “notorious” and premature 
announcement of the MinlON itself 
back in 2012 (it didn’t appear for 
another year and a half), Oxford has 
frequently made big promises and then 
missed deadlines. Twice since 2016 it 
dodged patent infringement lawsuits 
brought by lllumina and another com¬ 
petitor, Pacific Biosciences, by chang¬ 
ing key aspects of the MinlON. In both 
cases, the updates ended up making 
the device better, not worse. 

“There seems to be a halo around 
this company,” says its patent lawyer, 
Martyn Andrews. 

MinlON can do some unusual tricks. 
One is to read out extraordinarily long 
stretches of consecutive DNA letters. 
Illumina’s instruments read DNA in 
short fragments of 150 letters. With a 
MinlON, readouts of 10,000 letters are 
common. Its record: 882,000 DNA let¬ 
ters in a row. 

Being able to read long sequences 
of letters eases the job of digitally 
reassembling a genome from its parts: 
imagine a puzzle with thousands of 
pieces to fit together rather than mil¬ 
lions. That’s a crucial factor when 
exploring an organism’s genome for 
the first time. It also makes it simpler to 
study patients’ DNA for certain disor¬ 
ders and cancers caused when genes 
get duplicated or deleted—what sci¬ 
entists call “structural variation,” as 
opposed to mutations that affect sin¬ 
gle letters. 



While MinlON is mostly suitable for analyzing bacteria and viruses, it’s a second 
device Oxford is developing, the Promethion, that Brown believes will be Oxford’s 
“lllumina killer,” because it will be suitable for sequencing humans and other organ¬ 
isms with large genomes. A printer-size instrument that can route DNA through 
tens of thousands of pores at once, the Promethion will read a trillion DNA letters 
in a few hours, Brown claims—similar to Illumina’s high-end $1 million sequencing 
instrument, called the HiSeq X—but won’t cost nearly as much to buy. 

Like many of Oxford’s ideas, Promethion is a work in progress. And it’s already 
well behind schedule. Oxford now plans to start selling it later this year. “Just sit 
tight,” Brown told scientists at Oxford’s meeting. “The raw horsepower is enough 
to put you ahead.” 

One team in possession of an early model is ZF-Screens, a company in the 
Netherlands, where scientists hope to decode the genome of the country’s 
national flower, the tulip. Knowing this commercially valuable flower’s genetic 
details could speed up the creation of new varieties, which can take as long as 
30 years because the tulip’s maturation time is so long. But the plant’s genome 
is huge—about 10 times the size of a human’s—and so highly repetitive that 
it can’t easily be decoded using existing sequencing methods. Team member 
Hans Jansen says he has tested the Promethion and “it kind of works and kind 
of doesn’t work.” The software to capture data is poorly worked out, and the first 
batch of pore cells arrived broken. 

But Jansen plans to stick with it. That’s because he thinks the longer DNA read¬ 
outs may be the only way to conquer the tulip’s labyrinthine genome. “We need 
this technology,” he says. H 
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Although it has overhyped its Watson machine-learning 
system, the company still could have the best access to 
the kind of data needed to make medicine much smarter. 

By David H. Freedman 


Paul Tang was with his wife in the 

hospital just after her knee replacement 
surgery, a procedure performed on 
about 700,000 people in the U.S. every 
year. The surgeon came by, and Tang, 
who is himself a primary-care physician, 
asked when he expected her to be back 
at her normal routines, given his experi¬ 
ence with patients like her. The surgeon 
kept giving vague non-answers. “Finally 
it hit me,” says Tang. “He didn’t know.” 
Tang would soon learn that most physi¬ 
cians don’t know how their patients do 
in the ordinary measures of life back at 
home and at work—the measures that 
most matter to patients. 

Tang still sees patients as a physi¬ 
cian, but he’s also chief health transfor¬ 
mation officer for IBM’s Watson Health. 
That’s the business group developing 


health-care applications for Watson, the machine-learning system that IBM is 
essentially betting its future on. Watson could deliver information that physicians 
are not getting now, says Tang. It could tell a doctor, for instance, how long it took 
for patients similar to Tang’s wife to be walking without pain, or climbing stairs. It 
could even help analyze images and tissue samples and determine the best treat¬ 
ments for any given patient. 

It’s because of possibilities like this that health care is one of the hottest seg¬ 
ments of the market for machine-learning technologies. Research firm CB Insights 
counts at least 106 startups that have sprung up since 2013 and are still in business. 

None of those companies has garnered anywhere near the attention that Wat¬ 
son has, thanks to its victory on the television quiz show Jeopardy! in 2011 and 
zealous marketing by IBM ever since. But lately, much of the press for Watson has 
been bad. A heavily promoted collaboration with the M.D. Anderson Cancer Center 
in Houston fell apart this year. As IBM’s revenue has swooned and its stock price 
has seesawed, analysts have been questioning when Watson will actually deliver 
much value. “Watson is a joke,” Chamath Palihapitiya, an influential tech investor 
who founded the VC firm Social Capital, said on CNBC in May. 

However, most of the criticism of Watson, even from M.D. Anderson, doesn’t 
seem rooted in any particular flaw in the technology. Instead, it’s a reaction to IBM’s 
overly optimistic claims of how far along Watson would be by now. In fact, it still 
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seems likely that Watson Health will be 
a leader in applying Al to health care’s 
woes. If Watson has not, as of yet, 
accomplished a great deal along those 
lines, one big reason is that it needs 
certain types of data to be “trained.” 
And in many cases such data is in 
very short supply or difficult to access. 
That’s not a problem unique to Watson. 
It’s a catch-22 facing the entire field of 
machine learning for health care. 

Though the problem of missing and 
inaccessible data may slow Watson 
down, it may hurt IBM’s competitors 
more. That’s because the best bet for 
getting the data lies in close partner¬ 
ships with large health-care organiza¬ 
tions that tend to be technologically 
conservative. And one thing IBM still 
does very well in comparison to start¬ 
ups, or even giant rivals like Apple and 
Google, is gain the trust of executives 
and IT managers at big organizations. 
The specific problems with the M.D. 
Anderson project notwithstanding, IBM 
has a crucial advantage. It’s getting 
Watson inside a wide range of medi¬ 
cal centers, health-care administration 
groups, and life-science companies, all 
of which are positioned to provide the 
critical data needed to shape Al’s future 
in medicine. 

Unrealistic timelines 

The breakup with M.D. Anderson 
seemed to show IBM choking on its 
own hype about Watson. 

The cancer center and IBM part¬ 
nered in 2012. The goal was for Wat¬ 
son to read data about any patient’s 
symptoms, gene sequence, and pathol¬ 
ogy reports, combine it with physicians’ 
notes on the patient and relevant jour¬ 
nal articles, and then help doctors come 
up with diagnoses and treatments. But 
IBM and M.D. Anderson both overin¬ 
flated expectations for the technology. 


“Health care has been an embarrassingly late 
adopter of technology, ”says Manish Kohli, a 
physician and health-care informatics expert 
with the Cleveland Clinic. 


IBM claimed in 2013 that “a new era of computing has emerged” and gave Forbes 
the impression that Watson “now tackles clinical trials” and would be in use with 
patients in just a matter of months. In 2015, the Washington Post quoted an IBM 
Watson manager describing how Watson was busy establishing a “collective intel¬ 
ligence model between machine and man.” The Post said that the computer sys¬ 
tem was “training alongside doctors to do what they can’t.” 

In February of this year, the University of Texas, which runs M.D. Anderson, 
announced it had shuttered the project, leaving the medical center out $39 million 
in payments to IBM—for a project originally contracted at $2.4 million. After four 
years it had not produced a tool for use with patients that was ready to go beyond 
pilot tests. M.D. Anderson wouldn’t comment to me about Watson specifically, but 
it appears that the problems stemmed mainly from internal struggles over how the 
project was managed and funded. 

That’s not to say IBM has no troubles with Watson. Indeed, they’re larger than 
what any one implementation reveals. 

To understand what’s slowing the progress, you have to understand how 
machine-learning systems like Watson are trained. Watson “learns” by continually 
rejiggering its internal processing routines in order to produce the highest possible 
percentage of correct answers on some set of problems, such as which radiological 
images reveal cancer. The correct answers have to be already known, so that the 
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system can be told when it gets something right and when it gets something wrong. 
The more training problems the system can chew through, the better its hit rate gets. 

That’s relatively simple when it comes to training the system to identify malig¬ 
nancies in x-rays. But for potentially groundbreaking puzzles that go well beyond 
what humans already do, like detecting the relationships between gene variations 
and disease, Watson has a chicken-and-egg problem: how does it train on data that 
no experts have already sifted through and properly organized? “If you’re teach¬ 
ing a self-driving car, anyone can label a tree or a sign so the system can learn to 
recognize it,” says Thomas Fuchs, a computational pathologist at Memorial Sloan- 
Kettering, a cancer center in New York. “But in a specialized domain in medicine, 
you might need experts trained for decades to properly label the information you 
feed to the computer.” 

Some version of that stumbling block emerges in every domain in which IBM 
hopes to have Watson contribute—as it does for any company’s machine-learning 
solution. To train Watson to go through giant pools of data and pull out the few 
pieces of information important to a single patient, someone has to do it by hand 
first, for thousands and thousands of cases. To recognize genes linked to disease, 
Watson needs thousands of records of patients who have specific diseases and 
whose DNA has been analyzed. But those gene-and-patient-record combina¬ 
tions can be hard to come by. In many cases, the data simply doesn’t exist in the 


right format—or in any form at all. Or 
the data may be scattered throughout 
dozens of different systems, and diffi¬ 
cult to work with. 

Consider, for example, the goal of 
improving primary care by placing bet¬ 
ter data at the fingertips of clinicians. 
When doctors miss chances to treat 
relatively minor concerns during a rou¬ 
tine primary-care visit, before a more 
advanced problem sends patients to 
an emergency room or a specialist, 
their health suffers and costs explode. 
“About one-third of every dollar spent on 
health is probably unnecessary,” says 
Anil Jain, IBM Watson Health’s chief 
medical officer, who is also a practicing 
primary-care physician. Machine learn¬ 
ing is widely recognized as an opportu¬ 
nity to address that problem. 
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To really help doctors get better out¬ 
comes for patients, however, Watson 
will need to find correlations between 
what it reads in health records and 
what Tang calls “all the social determi¬ 
nants of health.” Those factors include 
whether patients are drug-free, avoid¬ 
ing the wrong foods, breathing clean air, 
and on and on. But Tang concedes that 
today almost no hospitals or medical 
practices get that data reliably for a sig¬ 
nificant percentage of patients. Part of 
the problem is that hospitals have been 
slow to take up modern, data-driven 
practices. “Health care has been an 
embarrassingly late adopter of tech¬ 
nology,” says Manish Kohli, a physician 
and health-care informatics expert with 
the Cleveland Clinic. 

Where the data does exist, IBM has 
often simply gone out and bought it. It 
has acquired companies such as Tru- 
ven Health Analytics, Explorys, and 
Phytel, all of which were active in deal¬ 
ing with large data sets across hospi¬ 
tals and patient populations. And even 
after the demise of the M.D. Anderson 
deal, IBM has some critical partnerships 
that further its access to patient data. 

One of them is with Atrius Health, a 
network of nearly 900 mostly primary- 
care physicians throughout the Boston 
area. The partnership aims to develop 
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A leukemia doctor at M.D. Anderson, Courtney DiNardo, used IBM’s Watson system while consulting 
with a patient in 2013. 


and test a Watson-based system capable of pulling out nuggets of information 
critical to an individual patient from an ocean of notes, records, and articles. “Seek¬ 
ing all the relevant information is an onerous job for primary-care physicians as 
things exist today,” says Atrius’s chief medical officer, Joe Kimura. Electronic health 
records may have made the problem even worse, he adds, because the advent of 
such systems has enormously increased the amount of data generated in each 
visit, without providing a standard format to allow easy retrieval. 

Critically, many of the most important notes in patient records are sentences 
that a conventional IT system can’t make sense of. But Watson can apply the 
natural-language-processing skills developed for Jeopardy! in order to extract 
meaning from them. Ideally, it could then suggest ways physicians can help patients 
avoid the need for extensive care. “Why should we focus only on making sure we’ve 
done as good a job as possible with patients who break a hip,” asks Kimura, “when 
we can try to predict which patients are at risk for falls and help them not break 
the hip at all? We need to push our care upstream.” 

Watson Health is also partnering with the Central New York Care Collabora¬ 
tive, a state-government-funded agency that works with some 2,000 health-care 
providers in six counties. The partnership is intended to support the goal of a 25 
percent reduction in emergency room admissions and hospital readmissions, when 
patients who have been discharged from a hospital have to return to address 
related problems. It also provides potential access to vast amounts of patient data. 

There are other ways to get such data. One of Google’s sister companies is trying 
to get it directly from patients themselves. Verily Life Sciences, a health-care divi- 
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sion of Alphabet, is partnering with Duke 
and Stanford to develop a highly struc¬ 
tured health database on some 10,000 
volunteers. The database will be filled 
with information not only from their clini¬ 
cal visits but also from wearable health¬ 
monitoring devices. That could be a 
promising leap in data access, though it 
could take a decade or more to produce 
highly usable results. 

Fuchs’s group at Memorial Sloan- 
Kettering hopes to train an Al system to 
read tissue-stain slides, a process that 
will require a large library of digitally 
annotated slides with confirmed diag¬ 
noses and other critical data. So the 
group is gearing up to produce 40,000 
such slides a month on its own. “That’s 
far more than anyone else,” Fuchs says. 
“It’s an enormous task because of all 
the variability in biology.” 

Even M.D. Anderson, despite the 
fate of the Watson project, is continuing 
a large program that began around the 


same time, focused on gathering 1,700 types of clinical data on every patient who 
walks in its doors. Andy Futreal, the scientist who runs the program, says combining 
that patient information with research data will be crucial for the sorts of capabili¬ 
ties that systems like Watson could provide. “Once we have the data in place, now 
you can get into the business of Al machine learning uncovering those factors dic¬ 
tating who does and who doesn’t do well with different treatments,” says Futreal. 

IBM, for its part, continues to rack up data from partnerships. For cancer diag¬ 
nosis and care alone, the company has partnered with Memorial Sloan-Kettering, 
the Mayo Clinic, the Harvard- and MIT-affiliated Broad Institute, and medical-test 
giant Quest Diagnostics. The Memorial Sloan-Kettering collaboration has already 
produced a system that sifts through journal literature to inform treatment deci¬ 
sions, and it has been rolled out to the Jupiter Medical Center in Florida and a 
hospital chain in India. On the drug-discovery front, Watson Health is working with 
the Barrow Neurological Institute, where Watson helped find five genes linked to 
ALS that had never before been associated with the disease, and with the Ontario 
Brain Institute, where Watson identified 21 promising potential drug candidates. 

Will Watson eventually make a difference in improving health outcomes and 
lowering costs? Probably, says Stephen Kraus, a partner at the VC firm Bessemer 
Venture Partners who focuses on health care and has invested in Al health-care 
startups. “It’s all for real,” says Kraus. “This isn’t about putting out vaporware in 
order to boost stock prices.” But Kraus joins most experts in cautioning against 
unrealistic timelines or promises—some of which have come from IBM itself. “This 
is hard,” he says. “It’s not happening today, and it might not be happening in five 
years. And it’s not going to replace doctors.” H 
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IBM announced in 2015 that 
Watson’s diagnostic capabilities 
would be boosted by data ob¬ 
tained from Merge Healthcare, 
a medical imaging management 
company that IBM bought for 
about $1 billion. 
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As part of its shift toward high-tech businesses, the 
125-year-old company is threading artificial intelligence 
throughout its operations, starting with its scientists. 

By Elizabeth Woyke 


When Jason Nichols joined GE Global 

Research in 2011, soon after completing 
postdoctoral work in organic chemistry 
at the University of California, Berkeley, 
he anticipated a long career in chemi¬ 
cal research. But after four years cre¬ 
ating materials and systems to treat 
industrial wastewater, Nichols moved 
to the company’s machine-learning lab. 
This year he began working with aug¬ 
mented reality. Part chemist, part data 


scientist, Nichols is now exactly the type of hybrid employee crucial to the future 
of a company working to inject artificial intelligence into its machines and indus¬ 
trial processes. 

Fifteen years ago, GE’s machine operators and technicians monitored its air¬ 
craft engines, locomotives, and gas turbines by listening to their clanks and whirs 
and checking their gauges. Today, the company uses Al to do the equivalent, 
even predicting failures in advance. By marshaling this technology, GE hopes to 
become one of the world’s top software providers by 2020, a quest that amped up 
in 2011 with a $1 billion initiative to collect and analyze sensor data from machines. 
Creating smarter models via Al is the next step in the company’s strategy-one 
that it hopes will give it an advantage over longtime rivals like Siemens and soft- 
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ware giants, such as IBM, that are now 
expanding into industrial analytics. 

Of course, integrating artificial intel¬ 
ligence into an organization founded 
in 1892 is a difficult task. It starts with 
training the technical brains behind 
the company, which employs 300,000 
people across all its businesses world¬ 
wide. GE Global Research, where Jason 
Nichols works, is setting up online pro¬ 
grams that teach machine learning and 
symposia where scientists can explore 
new roles. So far, nearly 400 employees 
from across the company have com¬ 
pleted GE’s certification program for 
data analytics, and about 50 scientists 
have moved into digital analytics jobs of 
the kind Nichols has taken on. 

Dual careers 

Many of these dual scientists help 
make cloud-hosted software models 
of GE’s machines that can be used to 
save money and improve safety for 
its customers. GE builds these “digi¬ 
tal twins” using information it gathers 
from sensors on the machines, sup¬ 
plemented with physics-based models, 
Al, data analytics, and knowledge from 
its scientists and engineers. Though 
digital twins are primarily lines of soft¬ 
ware code, the most elaborate versions 
look like 3-D computer-aided design 
drawings full of interactive charts, dia¬ 
grams, and data points. They enable 
GE to track wear and tear on its aircraft 
engines, locomotives, gas turbines, and 
wind turbines using sensor data instead 
of assumptions or estimates, making it 
easier to predict when they will need 
maintenance. An aircraft engine flying 
over the U.S. could, for instance, have 
a digital twin on a GE computer server 
in California help determine the best 
service schedule for its parts. 

Besides forecasting a machine’s life 
expectancy, the virtual models allow GE 
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to optimize the operation of its prod¬ 
ucts. GE says digital twins are increas¬ 
ing the amount of electricity wind farms 
produce by as much as 20 percent and 
reducing annual fuel consumption and 
carbon emissions for one of its locomo¬ 
tives by 32,000 gallons and 174,000 
tons a year, respectively. More than 
700,000 models have been delivered 
to clients, a number that could exceed 
one million by the end of this year. 

The technology depends on artifi¬ 
cial intelligence to continually update 
itself. What’s more, if data is corrupted 
or missing, the company fills in the gaps 
with the aid of machine learning, a type 
of Al that lets computers learn without 
being explicitly programmed, says Colin 
Parris, GE Global Research’s vice presi¬ 
dent for software research. Parris says 
GE pairs computer vision with deep 
learning, a type of Al particularly adept 
at recognizing patterns, and reinforce¬ 
ment learning, another recent advance 
in Al that enables machines to optimize 
operations, to enable cameras to find 
minute cracks on metal turbine blades 
even when they are dirty and dusty. 


Top: GE scientists have been studying and 
adapting changing technology for decades. 

In this photo from April 18,1968, a GE systems 
engineer mans the telex link of a Student 
Response System at Syracuse University 
The computer analyzed the answers given 
by students to multiple-choice questions and 
relayed them back to the teacher. 


And on March 20,1969, GE researchers stud¬ 
ied the flow of gases, invisible in their natural 
state, by creating simulations on a device called 
a working water table, where currents were 
observed through the use of dyes. 
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GE uses Al to create continuously updating digital representations of its machines, 
such as this gas turbine, the 9HA, at a plant in Belfort, France. 


Take the tiny robot, a little bigger 
than a Matchbox car, used to inspect 
working engines. Using computer 
vision and a variety of Al techniques, 
the bot can look for cracks inside plane 
engines by riding on top of a slowly 
moving fan blade. 

Similar technology can be attached 
to a drone to find corrosion on the 
200-foot-high flare stacks that burn 
off excess gas released at oil and gas 
production sites. 


No fad 

To develop and work with these systems, GE researchers need to understand both 
the physics of the machines and the Al algorithms. 

“This is a place where you will have a molecular biologist sitting with a machine¬ 
learning expert or a controls-theory person sitting with someone who knows 
about materials science,” says Mark Grabb, GE Global Research’s technology 
director for analytics. “That type of collaboration is very powerful, but there is 
nothing more powerful than having that same information in the same brain; it’s 
just hyper-efficient.” 

Consider the brain of Matt Nielsen, who joined GE Global Research in 1998 after 
earning a PhD in physics. Nielsen developed photonics and worked on electric- 
vehicle software before moving fully to the company’s digital side in 2015. Today, he 
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Digital replicas of jet engines help GE’s aviation customers save money by predicting exactly when they will 
need maintenance. Here a GE engine sits at an overhaul facility in Rio de Janeiro, Brazil. 


leads a team of digital twin developers 
and helps build physics-based models 
that can be combined with machine¬ 
learning algorithms. 

Sahika Gene, another dual scien¬ 
tist, developed systems for ICU alarms 
before transitioning to GE’s machine¬ 
learning lab in 2014. Gene is now a 
machine-learning scientist who uses 
deep learning and reinforcement learn¬ 
ing to make GE’s energy management 
systems more efficient. One of her 


recent projects applied machine learning and heat transfer theory to identify how 
building energy is dissipated and stored. The forecasts will help GE customers 
reduce their energy consumption. 

These hybrid researchers could be GE’s best shot at remaining relevant for 
another century as the company looks for growth opportunities in such competi¬ 
tive and mature industries as turbines, jet engines, and locomotives. 

Parris, the software research leader, admits that some of GE’s 2,000 research¬ 
ers still regard certain aspects of the new approach as a “passing fad.” 

But scientists who don’t make the leap may get left behind. In January, the 
company laid off researchers in areas deemed peripheral to GE’s “digital indus¬ 
trial” strategy. That’s after creating 100 new research jobs related to Al and robot¬ 
ics in 2016. □ 
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Virtual Reality’s Missing 
Element: Other People 

VR can be the basis of a new communications industry if the technology 
becomes less insular and isolating. 

By Rachel Metz 


Unlike most people, I have a virtual-reality 

headset. I have exactly one friend who 
also has one. So most of the time I spend 
in VR, I’m all by myself. I can almost hear 
the digital tumbleweeds rolling by. 

That’s a funny thing about this tech¬ 
nology. Although it looks as if it must 
feel isolating to strap on a headset that 
shuts out the world around you, it could 
be great for socializing. When Facebook 
CEO Mark Zuckerberg spent $3 billion 
to buy the VR headset maker Oculus back 
in 2014, he pointed to the potential for 
social interactions as a key reason. And 
he’s right. Virtual reality can give you a 
sense of being with others that a FaceTime 
call on an iPhone will never match. Vir¬ 
tual reality could make it more emotion¬ 
ally fulfilling to connect with far-flung 
friends and family, or lend a feeling of 
physical presence to online classes that is 
impossible to attain otherwise. 

Virtual reality may look isolating, but 
the technology has untapped potential 
as a platform for socializing with 
people anywhere in the world. 


But oddly enough, the social net¬ 
work hasn’t made social applications a 
focal point for the Oculus Rift headset, 
which launched in 2016. Primarily it’s still 
meant for playing games and watching 
short films. In April, Facebook released 
an app for Oculus Rift called Spaces to let 
you to get together with your 
Facebook friends in VR. But 
it’s pretty humdrum. You can 
take a virtual selfie with your 
buddies, create a customized 
avatar based on your Facebook 
photos, and watch 360° videos 
or make 3-D doodles with a 
giant marker. You can interact only with 
the friends you already have on the social 
network, so unless your friends happen 
to have virtual-reality headsets too, you 
really can’t do much in Spaces but hang 
out all by yourself. And even if you do 
meet up with a friend in Spaces, it gets 
old quickly: you’re forced to stand around 
a virtual table the whole time. It seems 
that in order to avoid overwhelming early 
VR users, Facebook has gone too far in the 
direction of simplicity. 


Recently I found a virtual social place 
that’s actually fun. It’s a free app for Rift 
and another high-end headset, HTC’s 
Vive, called Rec Room. Its virtual world 
is laid out like a cartoon version of a high 
school gym where you can play games like 
paintball and dodgeball, which you con¬ 
trol with physical movements in 
real life. There’s also a big com¬ 
munal lobby called the locker 
room (for hanging out, not for 
changing in and out of virtual 
clothes—you can do that in a 
private Rec Room dorm room). 
In the locker room you can meet 
up with friends or strangers, shoot hoops, 
or play Ping-Pong. 

Rec Room has plenty of flaws, but it 
nonetheless shows the power of today’s 
truly immersive virtual-reality technol¬ 
ogy to promote connections between 
people in ways that past attempts at 
virtual socializing—remember Second 
Life?—could never muster. The inter¬ 
actions with others are largely intui¬ 
tive; to become friends with people in 
Rec Room, for instance, you shake their 


Rec Room 
Altspace VR 
High Fidelity 
Facebook Spaces 
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hands, which produces buzzing feedback 
in the handheld controller. I’ve had a 
blast spending time in Rec Room with 
my one other friend who uses VR, who 
in real life lives across the country. And 
it’s also the only virtual environment 
I’ve found that prompts you to connect 
with people you don’t know in ways that 
aren’t so awkward you want to rip off 
your headset. 

Although market researcher IDC 
believes 10 million virtual-reality head¬ 
sets shipped last year, that number is 
tiny compared with, say, the smartphone 
market, where 1.5 billion handsets were 
shipped in 2016. And I think the technol¬ 
ogy will struggle to snag more users—and 
thus to come down in price from at least 
$800 for a headset and VR-ready PC— 
unless it becomes more social. It’s not 
that virtual reality isn’t fun on your own. 
It’s delightful to get transported some¬ 
where by pulling a headset over your eyes 
and headphones over your ears. But no 
matter how entrancing virtual reality is, 
it’s ultimately a lonely escape if nobody 
else is around to enjoy it with. If experi¬ 
ences like Rec Room catch on, VR may 
become the first true post-smartphone 
social platform. 

Structured social 

Rec Room, made by a company called 
Against Gravity, is not very advanced visu¬ 
ally. When I pop in to the app, I embody 
what I think of as Geometric Rachel: an 
ovoid head, rectangular torso, and mitten¬ 
like hands, with glasses and a hairdo that 
looks like a bob-shaped helmet. But even 
within the confines of this simple avatar, 
I have a surprising amount of fun hiding 
in shipping containers and shooting at 
opponents (including my VR buddy) in a 
giant game of capture the flag. 

One day I connected with Against 
Gravity cofounder and chief creative offi¬ 
cer Cameron Brown for an interview in 
the app’s locker room. His avatar was 


decked out in square purple glasses, a 
black baseball cap, and a white tank top 
with an orange Rec Room logo—a simple 
happy face—on the front. His hand sud¬ 


denly fell to the ground; the app was hav¬ 
ing network issues, he said. He whisked 
me away from the clamor of the locker 
room to a big, empty lounge with a wood 
floor, a Ping-Pong table, and couches that 
our legless bodies couldn’t actually sit on. 
It’s the rare private space in Rec Room, 
which anyone can use and invite others 
into. He said some people have taken to 
using the space for meetings, and there 
are a conference table and whiteboards 
in one corner just for that. 

Since VR technology is still so new 
that most of us don’t have lots of friends 
using it, and interacting with strangers 
in virtual reality is about as awkward as 
doing so in real life, Rec Room is using 
slightly unconventional methods to get 
you to socialize. It literally forces you into 
games. Brown calls it “structured social.” 
If you and a few others enter the gym 
around the same time to play dodgeball, 
for instance, Rec Room’s software will 
automatically sort everyone into teams 
and an overly chipper, British-accented 
woman’s voice will suddenly start count¬ 
ing down the seconds until the match 
begins. Before you can think about it, 
you’re thrust into a game. “Who enjoys 
going to a party where you don’t know 
anybody, and just walking into a room 
and going, ‘Hi’?” he said. 

True enough. Still, Rec Room’s ice¬ 
breaking methods can be jarring at first, 
like the time I suddenly found myself 
wielding a giant pen in a game of 3-D 
charades. Like most people, I do prefer 
to socialize with those whose interests 


I share, rather than complete strangers, 
and that’s not necessarily Rec Room’s 
aim (although you can set up private 
games with just your friends). Eventu¬ 
ally, though, this sink- 
or-socialize tactic got me 
to loosen up and enjoy 
myself rather than stand 
around trying to work up 
the nerve to talk to others. 
“Even if you’re just mucking around in 
the locker room throwing darts into other 
people’s faces, you’ve kind of got a reason 
to be there, and before you know it, half 
an hour’s gone by,” Brown said. 

Mindless fun or not, Rec Room was 
remarkable for how it gave me a sense of 
being in a space with other people, espe¬ 
cially my friend who is thousands of miles 
away. We were giddy at being able to com¬ 
municate and be together in a new way. 
It was much more enjoyable than Face- 
book Spaces, where there’s not enough to 
do, and another social app, AltspaceVR, 
where there are too many options for 
socializing, none very entertaining. 

Avatar issues 

If you’re hanging out in virtual reality, 
you’re going to need a body, and what this 
body must look like, or whether it even 
has to be human, depends on the con¬ 
text. Often, it seems cartoonish human 
figures are best for staying clear of the 
uncanny valley, since it’s still difficult to 
make avatars look just like us. (Probably 
the most realistic-looking avatar I’ve yet 
seen belongs to Second Life creator Philip 
Rosedale in his new social VR app, High 
Fidelity, and even that one doesn’t look 
quite like him.) 

Regardless of how well designed your 
avatar is in VR, one way these worlds 
resemble real life is that your perceived 
gender shapes the interactions you 
have. In Rec Room and other socially 
geared apps, like AltspaceVR and Face- 
book Spaces, I prefer to make my avatar 


“Even if you’re just... throwing darts into 
other people’s faces, you’ve kind of got a 
reason to be there.” 


86 



REVIEWS 


TECHNOLOGYREVIEW.COM 


MIT TECHNOLOGY REVIEW 

VOL 120 | NO. 4 



a 

p Past attempts at creating social 
S environments in VR weren’t very 
§ compelling. But now that the 
| technology is much richer and more 
g immersive, it’s more appealing to 

q experience it with friends. 


female—and preferably similar in appear¬ 
ance to me, with brown hair and, when 
it’s an option, glasses. Being true to your 
actual identity can make you feel that your 
virtual self is authentic, but as a female 
character you’re likely to face behavior 
that is obnoxious or worse. 

I haven’t experienced anything that 
bad. The worst was when some whiny, 
mouth-breathing adolescent boy com¬ 
plained that I sucked at a game: admit¬ 
tedly, it pissed me off and hurt my feelings 
a bit. (To be fair, I was terrible at several 
of the games.) But Brown acknowledges 
that harassment can be an issue. He told 
me of an incident in which the fiancee 
of a regular Rec Room user tried out the 
app and found a bunch of other players 
instantly in her face when she entered the 
locker room. 

Simple tools to counter these behav¬ 
iors are critical, but like VR itself, they’re 
still very much in the experimental stage. 
Rec Room and AltspaceVR let you mute 
offensive users or build an invisible cush¬ 
ion around your avatar to make bullies 
disappear if they get too close. Rec Room 
also lets players vote on whether someone 
should be kicked out of a game. These 
tools will have to get more advanced and 
intuitive. 

It could take several years for headset 
prices to drop and for a range of apps to 
figure out the interactions we want to have 
with each other in virtual spaces, mak¬ 
ing VR so compelling that, like the TV, 
PC, and smartphone, it becomes some¬ 
thing the average person wants to use. Rec 
Room is not going to be that killer app for 
many people. But because it’s focused on 
certain activities and thoughtful about 
how to promote social interactions, it’s 
a good model for what’s possible. I hope 
it can stick around until there are many 
more people to play with. 


Rachel Metz is a senior editor at MIT 
Technology Review. 


87 











MIT TECHNOLOGY REVIEW 

VOL 120 | NO. 4 


TECHNOLOGYREVIEW.COM 


REVIEWS 



The Unaffordable 
Urban Paradise 


Tech startups helped turn a handful of metro 
areas into megastars. Now they’re tearing 
those cities apart. 

By Richard Florida 
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In the 1980s, I was part of a team doing 

research into the geography of the high- 
tech industry. We couldn’t find a single 
significant high-tech company in an 
urban neighborhood. Instead, they were 
all out in the suburbs—not just Intel and 
Apple in Silicon Valley, or Microsoft in 
the Seattle suburbs, but the Route 128 
beltway outside Boston, and the cor¬ 


porate campuses of North Carolina’s 
Research Triangle. 

Now everything’s changed. In 2016, 
the San Francisco metro area was the top 
location for venture capital investment 
in the country, hauling in $23.4 billion- 
more than triple the VC investment in Sil¬ 
icon Valley proper. New York had virtually 
zero VC-backed startups in the 1980s, but 


The tech industry’s 
migration out of the 
suburbs and into cities 
like San Francisco, New 
York, and Boston. 
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last year it took in $7.6 billion, eclipsing 
Silicon Valley as well. Boston and Cam¬ 
bridge were close, with $6 billion. Los 
Angeles drew $5.5 billion. The likes of 
Google, Apple, Microsoft, and Facebook 
continue to maintain suburban campuses, 
but more than half of venture-capital- 
financed startups are now in dense urban 


neighborhoods. Amazon’s headquarters 
are in downtown Seattle, and Google has 
now taken over the old Port Authority 
building in Manhattan. 

The migration of high-tech startups 
to cities is less of a reversal and more of a 
historical correction. In 2006, the venture 
capital icon Paul Graham said that for all 
its power, Silicon Valley had a great weak¬ 
ness. The high-tech “paradise” created 
during the 1950s and 1960s “is now one 
giant parking lot,” he said. “San Francisco 
and Berkeley are great, but they’re 40 
miles away. Silicon Valley proper is soul- 
crushing suburban sprawl. It has fabulous 
weather, which makes it significantly bet¬ 
ter than the soul-crushing sprawl of most 
other American cities. But a competitor 
that managed to avoid sprawl would have 
real leverage.” 

And that’s what happened. Urban 
areas provide the diversity, creative energy, 
cultural richness, vibrant street life, and 
openness to new ideas that attract startup 
talent. Their industrial and warehouse 
buildings also provide employees with 
flexible and reconfigurable work spaces. 
Cities and startups are a natural match. 

For years, economists, mayors, and 
urbanists believed that high-tech devel¬ 
opment was an unalloyed good thing, 
and that more high-tech startups and 


more venture capital investment would 
“lift all boats.” But the reality is that 
high-tech development has ushered in a 
new phase of what I call winner-take-all 
urbanism, where a relatively small num¬ 
ber of metro areas, and a small number 
of neighborhoods within them, capture 
most of the benefits. 

Middle-class neigh¬ 
borhoods have been 
hollowed out in the pro¬ 
cess. In 1970, roughly 
two-thirds of Americans 
lived in middle-class 
neighborhoods; today 
less than 40 percent of us do. The middle- 
class share of the population shrank in 
a whopping 203 out of 229 U.S. metro 
areas between 2000 and 2014. And places 
where the middle class is smallest include 
such superstar cities and tech hubs as New 
York, San Francisco, Boston, Los Angeles, 
Houston, and Washington, D.C. 

Despite all this, it wouldn’t make 
any sense to put the brakes on high-tech 
development. Doing so would only cut 
off a huge source of innovation and eco¬ 
nomic development. High-tech indus¬ 
try remains a major driver of economic 
progress and jobs, and it provides much- 
needed tax revenues that cities can use to 
address and mitigate the problems that 
come with financial success. 


But if high-tech development causes 
problems, and stopping it doesn’t solve 
those problems, what comes next? 

High-tech companies should—out 
of self-interest, if for no other reason— 
embrace a shift to a kind of urbanism 
that allows many more people, espe¬ 


cially blue-collar and service workers, to 
share in the gains of urban development. 
The superstar cities they’ve helped cre¬ 
ate cannot survive when nurses, EMTs, 
teachers, police officers, and other ser¬ 
vice providers can no longer afford to 
live in them. 

Here’s how they can do it. First, they 
can work with cities to help build more 
housing, which would reduce housing 
prices. They can support efforts to liber¬ 
alize outdated zoning and building codes 
to enable more housing construction, 
and invest in the development of more 
affordable housing for service and blue- 
collar workers. 

Second, they can work for, support, 
and invest in the development of more 
and better public transit to connect out¬ 
lying areas to booming cores and tech 
clusters where employment is—and to 
spur and generate denser real estate 
and business development around those 
stops and stations. 

Third, they can engage the wider 
business community and government 
to upgrade the jobs of low-wage service 
workers—who now make up more than 45 
percent of the national workforce—into 
higher-paying, family-supporting work. 

This last idea might seem outlandish, 
but it’s analogous to how the U.S. turned 
low-paying manufacturing jobs of the 
early 20th century into 
middle-class jobs in the 
1950s and 1960s. At age 
13, my father left school 
to work in a factory. It 
took nine people—his 
father, his mother, six 
brothers and sisters, and him—to gener¬ 
ate enough income to support the family. 
But when he came back after serving in 
World War II and took up work in the 
same factory, his old job paid enough to 
support a wife and kids, buy a house, and 
put my brother and me through college. 


For years, economists and mayors 
believed that high-tech development 
would “lift all boats.” The reality is a new 
phase of winner-take-all urbanism. 


Middle-class neighborhoods have been 
hollowed out. The middle-class share of 
the population shrank in 203 out of 229 
U.S. metro areas between 2000 and 2014. 
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The tech startup boom has brought billions of dollars of venture capital into urban areas like San Francisco. It’s also driven out the middle class and 
caused a wave of resentment, exemplified by the Google Bus protests of 2011. 


His job had been transformed by New 
Deal policies that boosted the pay of man¬ 
ufacturing workers. 

We can do this for service jobs today, 
and we can start by lifting the wage floor. 
If we were to set the minimum wage to 
50 percent of the prevailing local median 
wage, it would vary from city to city, rang¬ 
ing from a high of around $15 an hour 
in San Jose and Washington, D.C., to 
roughly $14 in San Francisco, about $13 
in Boston, New York, and Seattle, and 
around $9.50 in less expensive places 


such as Las Vegas, Louisville, Memphis, 
Nashville, New Orleans, Orlando, and 
San Antonio. 

In the 1980s and 1990s, leading 
manufacturing companies worked closely 
with their suppliers to upgrade manu¬ 
facturing jobs, pay blue-collar workers 
more, and engage them in teamwork and 
lean production—which led to higher 
productivity and performance. Paying 
better wages to service workers would 
do for companies in the service sector 
what it once did for manufacturing firms. 


Despite its creative energy and innova¬ 
tive prowess, America’s tech industry has 
generated a host of challenges for cities. 
It’s time to put its tremendous resources, 
talent, and skills to work helping cities 
solve the urban crisis it helped to create. 


Richard Florida is a university profes¬ 
sor at the University of Toronto’s Rotman 
School of Management and the cofounder 
of the Atlantic’s City Lab. His books in¬ 
clude The Rise of the Creative Class and 
the just-released The New Urban Crisis. 
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Why Bad Things Happen to 
Clean-Energy Startups 

New technologies for storing power from wind and solar farms will be key to a clean- 
energy future. But Aquion Energy’s recent bankruptcy shows the market challenge of 
making that happen. 

By James Temple 


By all measures that usually matter, Aquion 

Energy should have succeeded. 

The startup, which sold big batteries 
for renewable projects and power grids, 
was founded by Jay Whitacre, a materials 
science professor at Carnegie Mellon who 
previously developed batteries for Mars 
rovers at NASA. It raised nearly $200 
million from prominent investors, includ¬ 
ing Bill Gates, and venture capitalists at 
Kleiner Perkins and Shell. Perhaps most 
important of all, the company entered 
the market with a clear-eyed awareness 
of earlier missteps by battery startups. It 
took pains to avoid the use of rare materi¬ 
als. It relied on repurposed manufactur¬ 
ing equipment. And it identified niche 
markets where it might gain a foothold. 

But on March 8, after failing to raise 
additional funding, Aquion filed for bank¬ 
ruptcy protection, cut 80 percent of its 
staff, and halted manufacturing. It was 
the latest of several stumbles for venture- 
backed storage startups. EnerVault, which 
was developing what are known as flow 
batteries, put itself up for sale after fail¬ 
ing to find additional investors in 2015. 
Later that year, liquid-metal battery 
startup Ambri laid off a quarter of its staff, 
a- Around that same time, LightSail Energy, 

LU 

| which was struggling to develop technol- 
ogy to store energy as compressed air in 
□ carbon-fiber tanks, pivoted to selling its 


containers to natural-gas suppliers. Taken 
together, these struggles have deflated 
hopes for the emergence of affordable and 
practical grid storage anytime soon. 

And that’s a problem. Without cheap 
ways of storing excess energy generated 
from intermittent sources like wind and 
sun, there are limitations on how much 
these renewable sources of power can con¬ 
tribute to the grid’s overall electricity gen¬ 
eration—and, by extension, how much 
we can cut the greenhouse-gas emissions 
driving climate change. There are already 
days when California solar farms have 
to shut down because they’re generating 
more power than the grid can use at a par¬ 
ticular time. And yet the system still needs 
to run enough fossil-fuel backup plants to 
meet total demand whenever the sun dips 
behind clouds. 

A year ago, MIT Technology Review 
ranked Aquion number five on its list of 
50 Smartest Companies. It’s hard to deci¬ 
pher the particulars of what went wrong, 
as the bankruptcy filing offers few addi¬ 
tional details. Whitacre declined requests 
to speak until an auction is complete, but 
he made clear that he hopes the company 
or technology can proceed in some form 
after that point. 

What is clear is that despite the com¬ 
pelling need for better grid storage tech¬ 
nology, any startup today faces several 


Aquion Energy’s filing for 
Chapter 11 bankruptcy 
March 8,2017 
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daunting realities. First, the slowly devel¬ 
oping market for advanced grid storage 
still isn’t large, in part because the tech¬ 
nologies are immature and expensive. 
Second, and more important in the imme¬ 
diate term, the price of existing technol¬ 
ogy in the form of lithium-ion batteries 
has dropped far faster than expected, 
narrowing the promised benefits of new 
approaches like Aquion’s. 

“Don’t hold your breath for the things 
that come after lithium-ion,” says Ilan 
Gur, founding director of the Cyclotron 
Road program for energy entrepreneurs, 
who previously cofounded a battery com¬ 
pany that was acquired by Bosch. “We’re 
much more likely to ride the lithium-ion 
cost curve for another few decades.” 

By now it’s a familiar phenomenon 
in clean energy. Companies must make a 
massive up-front investment to develop 
new hardware and scale up manufactur¬ 
ing, all while chasing moving price and 
performance targets as incumbent tech¬ 
nologies improve. Faced with such chal¬ 
lenges, vanishingly few succeed. 

The danger, in this case, is that many 
observers believe lithium-ion isn’t the 
right technology for full-scale baseload 
grid storage, because there seem to be 
limits on how cheap and long-lasting the 
technology can ever become. Yet its suc¬ 
cess frosts over an already chilly invest¬ 
ment market for technologies that may 
be only minimally better today, but could 
have far greater potential to transform the 
energy system in the long run. 

How can we support such technolo¬ 
gies long enough to get to that point? 

Toast 

When MIT Technology Review first wrote 
about Aquion, in 2012, the company said it 
hoped to manufacture its batteries for less 
than $300 per kilowatt-hour of capacity. 
The technology paired a saltwater electro¬ 
lyte with a manganese oxide cathode and a 
carbon-based anode. The price positioned 


the product between low-end lead-acid 
batteries and costlier lithium-ion technol¬ 
ogy. But a big part of the company’s pitch 
was that the batteries lasted far longer and 
performed better in the heavy charging and 


discharging cycles inherent to the electric 
grid. That promised to lower the lifetime 
costs of the system. 

It’s unclear where Aquion’s pricing 
stood at the time of its bankruptcy fil¬ 
ing, but lithium-ion batteries themselves 
fell below the $300-per-kilowatt-hour 
threshold last year, according to Bloom¬ 
berg New Energy Finance. Specifically, 
the price dropped by nearly half in just 
two years, reaching $273 in 2016, as 
worldwide production ramped up to meet 
growing demand for phones, electric cars, 
and solar-power backup systems. And 
prices for lithium-ion batteries are likely 
to continue declining. Bloomberg projects 
they’ll fall to $109 per kilowatt-hour by 
2025, and $73 by 2030. 

Donald Sadoway, a materials scien¬ 
tist at MIT and cofounder of Ambri, is 
skeptical that such estimates reflect total 
costs for lithium-ion storage systems at 
grid scale. He also argues that future pro¬ 
jections from Bloomberg New Energy 
Finance are unrealistic, noting that the 
2030 estimate seems to dip below the cost 
of raw materials. But either way, the sud¬ 
den drop in price has already had a “huge 
ripple effect” on the storage market, he 
says. “When lithium-ion comes out with 
these audacious claims, it makes investors 
pause,” Sadoway says. “They look and say, 
Wow, you guys are toast.’” 

Meanwhile, customers considering a 
multimillion-dollar storage system have 
little incentive to bet on an emerging and 


riskier technology. Lithium-ion batteries 
already meet many of the specific needs 
of large-scale utility customers, offering 
a reliable product from stable providers, 
says John Zahurancik, president of the 
energy storage division 
of AES, a power proj¬ 
ect developer increas¬ 
ingly focused on battery 
systems. When Califor¬ 
nia utilities were forced 
to quickly replace a 
natural-gas storage site after a major leak 
in 2015, they opted for three separate lith¬ 
ium-ion systems, assembled by AES and 
Tesla. “We see it as a technology that’s 
here, now, and ready,” Zahurancik says. 

Charging ahead 

But there are good reasons to hedge our 
battery bets, says Jessika Trancik, an asso¬ 
ciate professor in energy studies at MIT. 
As much as prices have dropped, lithium- 
ion batteries still aren’t cheap enough to 
serve bigger roles in the grid. And it’s not 
clear whether they’ll get there, she says. 

Pricing is also more complicated than 
what a single kilowatt-hour captures. The 
more telling metric is dollars per kilowatt- 
hour per cycle, a figure that would reflect 
lifetime costs of the system. And that gets 
us to a big problem for lithium-ion: these 
batteries can fade fast, as every smart¬ 
phone owner knows. That makes them 
less than ideal for the strains of the base¬ 
load storage required to balance out the 
growing portion of intermittent sources 
like wind and solar in the grid. 

It’s still anyone’s bet what grid storage 
technology, or combination of them, could 
ultimately displace lithium-ion batteries. 
In addition to advanced battery possibili¬ 
ties, there are flywheels, compressed air, 
hydrogen fuel cells, electric-vehicle-to- 
grid systems, and even energy-storing air 
conditioners. (Pumping water up a hill 
and letting it run down later remains by 
far the biggest storage technology.) But all 


It is still anyone’s bet what advanced grid 
storage technology, or combination of 
different approaches, could ultimately 
displace lithium-ion batteries. 
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these technologies suffer from significant 
shortcomings, and all are likely to require 
deep sustained investments to further 
develop them, test whether they are truly 
viable, and make them cost competitive. 

The question is where such invest¬ 
ments will come from. The Trump admin¬ 
istration has taken steps to dismantle the 
federal funding program for clean-energy 
startups, and venture capital investments 
for such technologies have dropped nearly 
30 percent since 2011, from $7.5 billion to 
$5.2 billion, according to a recent report 
from the Brookings Institution. 

The good news is that the market for 
large storage systems is widening as more 
wind and solar energy projects are built, 
and as factories look to shave costs dur¬ 
ing peak usage times. And the economics 


of grid storage are becoming more favor¬ 
able as additional renewable generation 
comes online and more aging fossil-fuel 
plants shut down, say Severin Borenstein, 
an energy economist at the University of 
California, Berkeley. “As we roll out more 
intermittent renewables, storage becomes 
more valuable,” he says. 

The fear, however, is that market 
mechanisms alone aren’t working fast 
enough given the pace at which the world 
needs to cut emissions to avoid the great¬ 
est threats of climate change. One tool 
that could accelerate the shift is smart 
public policy. Carbon taxes, or cap-and- 
trade programs like the ones in place in 
California, New York, and other states, 
raise the cost of using fossil-fuel plants 
and increase the incentives to add more 


renewables and storage to the grid. There 
are more direct ways the government 
can support the sector as well, such as 
California’s requirement that state utili¬ 
ties add more than 1.3 gigawatts of stor¬ 
age to the grid by the end of this decade, 
or federal grant and loan programs for 
promising startups. 

But ultimately, nascent storage tech¬ 
nologies are fighting forces embedded 
deep in the core of capitalism. Markets 
consolidate around dominant technolo¬ 
gies and companies. It often takes a rad¬ 
ical advance to shake up the old order, 
and in the energy sector those don’t come 
along often. 


James Temple is senior editor for energy at 
MIT Technology Review. 
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Courts, banks, and other institutions are 
using automated data analysis systems to 
make decisions about your life. Let’s not 
leave it up to the algorithm makers to decide 
whether they’re doing it appropriately. 


By Matthias Spielkamp 
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It was a striking story. “Machine Bias,” the 

headline read, and the teaser proclaimed: 
“There’s software used across the country 
to predict future criminals. And it’s biased 
against blacks.” 

ProPublica, a Pulitzer Prize-winning 
nonprofit news organization, had ana¬ 
lyzed risk assessment software known 
as COMPAS. It is being used to fore¬ 
cast which criminals are most likely 
to reoffend. Guided by such forecasts, 
judges in courtrooms throughout the 
United States make decisions about the 
future of defendants and convicts, deter¬ 
mining everything from bail amounts to 
sentences. When ProPublica compared 
COMPAS’s risk assessments for more 
than 10,000 people arrested in one Flor¬ 
ida county with how often those people 
actually went on to reoffend, it discovered 
that the algorithm “correctly predicted 
recidivism for black and white defendants 
at roughly the same rate.” But when the 
algorithm was wrong, it was wrong in dif¬ 
ferent ways for blacks and whites. Specifi¬ 
cally, “blacks are almost twice as likely as 
whites to be labeled a higher risk but not 
actually re-offend.” And COMPAS tended 
to make the opposite mistake with whites: 
“They are much more likely than blacks to 
be labeled lower risk but go on to commit 
other crimes.” 

Whether it’s appropriate to use sys¬ 
tems like COMPAS is a question that goes 
beyond racial bias. The U.S. Supreme 
Court might soon take up the case of a 
Wisconsin convict who says his right to 
due process was violated when the judge 
who sentenced him consulted COMPAS, 
because the workings of the system were 
opaque to the defendant. Potential prob¬ 
lems with other automated decision¬ 
making (ADM) systems exist outside the 
justice system, too. On the basis of online 
personality tests, ADMs are helping to 
determine whether someone is the right 
person for a job. Credit-scoring algo¬ 


rithms play an enormous role in whether 
you get a mortgage, a credit card, or even 
the most cost-effective cell-phone deals. 

It’s not necessarily a bad idea to use 
risk assessment systems like COMPAS. 
In many cases, ADM systems can increase 
fairness. Human decision making is at 
times so incoherent that it needs over¬ 
sight to bring it in line with our standards 
of justice. As one specifically unsettling 
study showed, parole boards were more 
likely to free convicts if the judges had just 
had a meal break. This probably had never 
occurred to the judges. An ADM system 
could discover such inconsistencies and 
improve the process. 

But often we don’t know enough about 
how ADM systems work to know whether 
they are fairer than humans would be on 
their own. In part because the systems 
make choices on the basis of underlying 
assumptions that are not clear even to 
the systems’ designers, it’s not necessarily 
possible to determine which algorithms 
are biased and which ones are not. And 
even when the answer seems clear, as in 
ProPublica’s findings on COMPAS, the 
truth is sometimes more complicated. 

What should we do to get a better 
handle on ADMs? Democratic societies 
need more oversight over such systems 
than they have now. AlgorithmWatch, a 
Berlin-based nonprofit advocacy organi¬ 
zation that I cofounded with a computer 
scientist, a legal philosopher, and a fellow 
journalist, aims to help people understand 
the effects of such systems. “The fact that 
most ADM procedures are black boxes 
to the people affected by them is not a 
law of nature. It must end,” we assert in 
our manifesto. Still, our take on the issue 
is different from many critics’—because 
our fear is that the technology could be 
demonized undeservedly. What’s impor¬ 
tant is that societies, and not only algo¬ 
rithm makers, make the value judgments 
that go into ADMs. 


“Machine Bias” 

ProPublica, May 23,2016 

“COMPAS Risk Scales: 
Demonstrating Accuracy Equity 
and Predictive Parity” 

Northpointe, July 8,2016 

“Technical Response 
to Northpointe” 

ProPublica, July 29,2016 

“False Positives, False Negatives, 
and False Analyses: A Rejoinder to 
‘Machine Bias’” 

Anthony Flores, Christopher 
Lowenkamp, and Kristin Bechtel 
August 10,2016 


Lawmakers, the 
courts, and an 
informed public 
should decide what 
we want algorithms 
to prioritize. 
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Measures of fairness 

COMPAS determines its risk scores from 
answers to a questionnaire that explores a 
defendant’s criminal history and attitudes 
about crime. Does this produce biased 
results? 

After ProPublica’s investigation, 
Northpointe, the company that developed 
COMPAS, disputed the story, arguing that 
the journalists misinterpreted the data. 
So did three criminal-justice researchers, 
including one from a justice-reform orga¬ 
nization. Who’s right—the reporters or the 
researchers? Krishna Gummadi, head of 
the Networked Systems Research Group 
at the Max Planck Institute for Software 
Systems in Saarbrucken, Germany, offers 
a surprising answer: they all are. 

Gummadi, who has extensively 
researched fairness in algorithms, says Pro¬ 
Publica’s and Northpointe’s results don’t 
contradict each other. They differ because 
they use different measures of fairness. 

Imagine you are designing a system 
to predict which criminals will reoffend. 
One option is to optimize for “true pos¬ 
itives,” meaning that you will identify 
as many people as possible who are at 
high risk of committing another crime. 
One problem with this approach is that 
it tends to increase the number of false 
positives: people who will be unjustly clas¬ 
sified as likely reoffenders. The dial can be 
adjusted to deliver as few false positives 
as possible, but that tends to create more 
false negatives: likely reoffenders who slip 
through and get a more lenient treatment 
than warranted. 

Raising the incidence of true posi¬ 
tives or lowering the false positives are 
both ways to improve a statistical mea¬ 
sure known as positive predictive value, 
or PPV. That is the percentage of all posi¬ 
tives that are true. 

As Gummadi points out, ProPublica 
compared false positive rates and false 
negative rates for blacks and whites and 


found them to be skewed in favor of 
whites. Northpointe, in contrast, com¬ 
pared the PPVs for different races and 
found them to be similar. In part because 
the recidivism rates for blacks and whites 
do in fact differ, it is mathematically likely 
that the positive predictive values for peo¬ 
ple in each group will be similar while the 
rates of false negatives are not. 

One thing this tells us is that the 
broader society—lawmakers, the courts, 
an informed public—should decide what 
we want such algorithms to prioritize. Are 
we primarily interested in taking as few 
chances as possible that someone will skip 


bail or reoffend? What trade-offs should 
we make to ensure justice and lower the 
massive social costs of imprisonment? 

No matter which way the dials are set, 
any algorithm will have biases—it is, after 
all, making a prediction based on gener¬ 
alized statistics, not on someone’s indi¬ 
vidual situation. But we can still use such 
systems to guide decisions that are wiser 
and fairer than the ones humans tend to 
make on their own. 

The controversy surrounding the New 
York Police Department’s stop-and-frisk 
practices helps to show why. Between Jan¬ 
uary 2004 and June 2012, New York City 
police conducted 4.4 million stops under 
a program that allowed officers to tempo¬ 
rarily detain, question, and search people 
on the street for weapons and other con¬ 
traband. But in fact, “88 percent of the 
4.4 million stops resulted in no further 
action—meaning a vast majority of those 
stopped were doing nothing wrong,” the 


New York Times said in an editorial decry¬ 
ing the practice. What’s more: “In about 
83 percent of cases, the person stopped 
was black or Hispanic, even though the 
two groups accounted for just over half 
the population.” This example of human 
bias, illuminated through data analysis, is 
a reminder that ADM systems could play 
a positive role in criminal justice. Used 
properly, they offer “the chance of a gen¬ 
eration, and perhaps a lifetime, to reform 
sentencing and unwind mass incarcer¬ 
ation in a scientific way,” according to 
Anthony Flores, Christopher Lowenkamp, 
and Kristin Bechtel, three researchers who 
found flaws in the meth¬ 
odology that ProPublica 
used to analyze COM¬ 
PAS. The authors worry 
that this opportunity “is 
slipping away because 
of misinformation 
and misunderstanding” 
about the technology. 

But if we accept that algorithms might 
make life fairer if they are well designed, 
how can we know whether they are so 
designed? 

Democratic societies should be 
working now to determine how much 
transparency they expect from ADM 
systems. Do we need new regulations of 
the software to ensure it can be prop¬ 
erly inspected? Lawmakers, judges, and 
the public should have a say in which 
measures of fairness get prioritized by 
algorithms. But if the algorithms don’t 
actually reflect these value judgments, 
who will be held accountable? 

These are the hard questions we need 
to answer if we expect to benefit from 
advances in algorithmic technology. 


Matthias Spielkamp is executive director 
ofAlgorithmWatch, an advocacy group 
that analyzes the risks and opportunities of 
automated decision making. 


If used properly, criminal-justice 
algorithms offer “the chance of a 
generation, and perhaps a lifetime, to 
reform sentencing and unwind mass 
incarceration in a scientific way.” 
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The Inevitable EV 

Four decades ago, the electric car looked set to be an acceptable commuting 
vehicle within a few years. 


“The electric car seems inevitable. As oil resources dwindle, it will appear far 

more prudent to develop an automobile powered by electricity, charged by 
an already-in-place power generation system, than to invest in huge plants to 
produce synthetic gasoline. Electric automobiles would snuggle nicely into a 
large, unexploited niche in the electric economy by recharging at night when 
electric demand is low and power plant capacity idle. 

But as yet electric cars have proven abysmal technical failures. For exam¬ 
ple, in its 1975 tests of two electric cars on the market, Consumer Reports 
magazine found ‘major safety and operating problems.’ The cars performed 
poorly, not even living up to their modestly advertised abilities. They accel¬ 
erated sluggishly, balked at hills, and petered out at inopportune times. The 
magazine declared that ‘it would be foolhardy to drive either car on any public 
road.’ The electric cars now on the market have a range of only about 30 miles 
at 50 miles per hour, with 0-to-30 acceleration times of about 12 seconds. 
What’s more, the cars were not significantly cheaper to run than comparable 
gasoline-powered subcompacts. 

Two test electric vehicles recently commissioned by the Energy Research 
and Development Administration could mark some resurgence for the elec¬ 
tric car. The two electric car versions are being built for E.R.D.A. by General 
Electric Co. and AiResearch Manufacturing Co. 

Both vehicles will possess about the same range and performance char¬ 
acteristics—70 miles between charges, 60-mile-an-hour speeds, and 0-to-30 
m.p.h. in about eight seconds. They will also both be about the size and weight 
of a conventional subcompact, and will operate for about the same costs as 
a conventional car. 

Officials at E.R.D.A. expect the two cars’ performance to help the electric 
car become an acceptable commuting vehicle in a few years, even using today’s 
relatively low-efficiency lead-acid batteries. The high-energy batteries expected 
in about a decade should improve performance even further. 

Even the E.R.D.A. electric cars must overcome many safety and operat¬ 
ing obstacles, however. For example, Consumer Reports cited the hazards of 
sulfuric acid spilling from ruptured batteries in the event of an accident. And 
the magazine’s engineers discovered that during cold weather battery perfor¬ 
mance plummeted, rendering the electric cars they tested practically useless.” 


Excerpted from “Zapmobile,” in the July/August 1977 issue o/Technology Review. 
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